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Abstract ©

Issues. There is no doubt that computers and computer-based
automation will have far-reaching effects on the U.S. economy
"and society. There is a broad range of views in the scholarly

literature and popular press about the nature and-extent of
these effects. Government policies, however, should and can
be based not on opinion, but, so far as possible, on concrete,
detailed analysis of the probable impacts of the, 1mpend1ng
technical changes. Only action based on such ant1c1pat10n
will be able to reduce the individual and.social costs that
belated adjustments to unant1c1pated structural shlfts w111
entall.

L]

' + A .
Methodologx. This study incorporates a large body of quanti=~
tative information from diverse, especially technical, sources.
into an input-output model of the U.S. economy to draw a com=--
prehensive and internally consistent picture of the progressive
introduction of computers and of various. forms of computer-
based automation intc .89 individual industries comprising
the entire economy. It spells out in great.detail the probable
effects of these technological changes on outputs and inputs
of ‘all doods and services and in particular on the demand for.
labor services described in fterms of 53 different occupations.
These projections are based on four alternative scenarlos
about future technological change.

- A fully integrated., dynamlc input=-cutput model, dgveloged
- for this study, provides the analytical framework for capturing
not only the direct but also the indirect effects of all these
chang¢s<._ In particular lt takes into account the effects of
technological change on the investment requlrements of all the’
different sectors and -the corresponding changes in the outputs

of capltal goods producing 1ndustr1es. L . :
Findings. The intensive use of automatlon over the next
_twenty years will make it possible to. conserve about 10% of
the labor that would have been required to produce the same
bills of goods in the absence of increased automation. The
impacts. are Speclflc to different types of work and will
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involve a significant increase in professionals as a.propor-
tion of the labor force and a steep decline in the relative
number of clerical workers. Production workers can be expected
to maintain their share .of the labor force; direct displacement
by -specific items of automated equipment (like robots and
numerically controlled machine tools) will, at least 'in-the
initial stages, be of fset by the increased investment demand
for all sorts of _ capital goods, especially computers..
Computations that assume the full utilization of the
projected future labor force suggest that personal and. -
government consumption will be able to increase about 2% a .-
year in real terms through the 1980's and between 0.5 and 1l.1%
through the 1990's due to ‘the adoption of computer-based :
automation (in the absence of other structural changes).
Whether or not the smooth transition from the old to the new
technology can actually be realized will depend to a large
extent on whether the necessary changes in the skill structure
of the labor force and its distribution between different
sectors of the economy. (and geographlc locations) can be
effectlvely carried out, The study projects the direction
and magnitude Of these changes 'in the structure of the.labor
force and of the educational and training efforts needed to
carry them out, : '
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Preface

The following inguiry is concerned with the complex
- issues surrounding the changing structure of employment in

the U.S. in the recent past, and ‘especially in the- future two

decades. A team of about ten researchers collaborated closely

in this - effort over a period of three years.‘ Because, of the.

emphasis in this study on change, 1t was indiSpensable to
develop a disaggregated dynamic 1nput-output model of the
economy capable of absorbing_detailedﬁlngormation on techn-
ological change. | |

VoluminOus historical data had to be assembléed- for testing
and refining the performance of the model over the past two
decades.? Evee_more challenging was the fact fipding'task,of
extracting from a oreat-varieté of published and'onpublished -
sources detailed estimates of the input-output structure of |
computerbased production processes ‘that can be expected to
be adopted in. the dltferent sectorslof the U.S. economy in
the course of the“oext two decades. A large number of methodo~
1ooica1 ﬁssues had to be eettied'in;connectlon with the sys-
‘tematic representation of.technological chahge.

Such work will eventually entail‘direct use of detailed d
eﬁgineer;ng and management plann;ng ioformation. This level
of effort7pas not possible in the present study, and‘it_
proved‘to Se tecessary to reiy'to a great extent on p@ecing
topether dif}erent and often Qiffering expert estimates.

' Such future work wiil have to examine in detail,technological

change specific to each individual sector. This study
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Concentrated 1nstead, as a first step, on /the changes that

can be ant1c1pated in many sectors, these changes are des-

: , .
cribed in considerable datai; within the repqrﬁ.‘

The principal investigators attempted to provide enough

1

direétion to ensure the compatibility of many individuals'
contrlbutlons whlle tolerating and even encouraglng dlfferences
ot point of view and approach in an area that is st111 v1rtu-'
: ally‘uncharted. Thalfollow1nq.chapt§rs describing this work
provide ample evidence of this precarious balance} While .
theg have. been extensively rewo;keg and adigad, individual
auahdrship ia'unmistakable}‘

Professor Leontief, Director of tha Institute for
Economic Analysia; provided pyera;l-direction for this
researqﬁ. The conduct of tha study was supefviaeﬁ‘by Dr;

Faye Dﬁdhin; Aasociate Director of the Institute. Her
ef forts ware in paftichlar concantrated on tha formulation

of a new dyhamic input-output model, more fealistiq than its

many predecessors, and the continual methodological integra;ion

‘and evalgation of the data bases and projections as well as

aligning and editing of sepafa;e chapterai-

A crucialprole was playad by Dr. Daniel Szyld, mathema-
tioian and programming exbert; who collaborateg-in'the.'
"formulation 6f the dynamic inbut-puﬁput podel and coautho;ed
Chapter 2 with Dr. Dpchina In addition to aupervising the
computations, he assured the completeness and consistenéy of

the data provided by other colléagues and their compatibility

with the requirements of the model.




The many ﬁets of data produced'by:goverﬁment agencieé vere-

assefmbled and prepared to meet the: requirements of the model

with meticulous attention to detail by Messrs. Jesus Alvarez-

and Michel Juillard, q-visitipg scholar supported in part by

» - .

the Swiss government, who together prepared Chapter 3 describing

that work. o -

-
“ ”

Dr. David Howell was'responsible for the qual;tatlvg‘
description and gquantitative prajections regarding thé use
of éomﬁuteré and compdger-bééed automation in ﬁroduction
oﬁerations in all sectors of the economy. He describes apd
documeﬁts.this work in Chapter 4. |

‘Ms, Catherine McDonough and Glenn-ﬁérie Lange carried |
out sector stﬁdies regafding the future usé of computers in

-

other applicatidns. In Chapter S} Ms, McDonough describes

the process of office‘automatioﬁ. EF. Lange's.work on the
~ education and health care sectors is présented in Chapters 6
and 7, reséectively, and in Chapter 8 she Qescribés thg
prpféctions of deliveries to final demand.
Mr. Dimiiri Tufchin was responsible. for impleenting
and maintaining -the databaserana the computer model and
carried out most ofithe computations. 'Hg was assisted wiﬂh ‘
‘the computations'at‘aifferent periods .by Mesérs.hKennetﬁ
Furlong, Vliadimir Roy;man; and Oleg Vishnepolsky. - _ P
Ms. Mary Parker organized tﬂé-assemblygand pfbcessing
of the‘manuscript and, along Qith Qr. Sled, pfovided extén-,
sive'editofial assisfance. Most of the processing was done

by Ms. Holly Lammers.




‘while it is'satisfying to have completed what has beep a

5long and intense research effort, in fact it represents just.

the beginning of the systematic"investigatioﬁ of a complaex

and important subject. We have benefited, in preparing this
. + I 9

report, from comments elicited by the Draft Final Report. ,

- O _ g , ’ R

We are well aware of the prelimipary nature of our findings.

?

Each of us naturally assumes the responsibility: for dur own

contribution to the study. The'prinqipallihvestigakors are

]

w
-responsible for the conclusions.

W. Leontief
F._Duchin

L
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Chapter 1. The Impacts of Automation on Employment,
1963~ 0 ‘

‘A, Ihtroduction

The oplnlons expressed in the scholarly literature as ,
well Aas the popular press cover a w}de range, from reassurance
that declining rates of growth of the labor.force in"the l980fs
and l990fs wlll more toap compensate for any, loss of jobs to E
predictlono that the manufacturing labor force wilk¥ fall from
over 25'mlllion now to less than 3 ﬁillion‘by.ZOIU. We‘are:
told that soﬁe jobs will beoome more .technical and complex .
than ever but also about the prospects for a "deskilled".

' workforce of sweepers and button;pushers. Most observers'
agree about painful "adjustment“ and the needs of retralnlng,
often fn the context of measures to ease the “tran51tion"to
some eutomated Euture whrch'remalns ent1rely unspecified. ‘

Barely beneath the surface of these debates, there are

passionate social, political, and philosophical differences.

An adg}tional QP“59-°E confusion is that welcannot carry out av

"factual” analysis,'if.that means diréct‘observation,lof the

future. In this report, we develop and illustrate a fact-

finding and modeling approach that promises to be fruitful in
the dispaeilonate analysis of these iesueé. After ascertaining
the operating charaoteristicé of the already .existing, newly
developed types of computer and computer—based equlpment, weﬁ

‘ proceed to derlve the consequences of alternatlve assumptlons
concernlng future rates of introduction into the dlﬁferent ‘
industries. Taking into account the‘corresponding chaoges in

a




1.2

*

the combination of gther inputé, partiéﬁlarly labbr inputs,
insert the apprOQEiate figures {(combinations of so-calléd

technical input coefficients) ihgo a dynamic inpﬁt-putput .
ﬁodeloahd use it to tréce the direct and indi;ect éffects.of

*

these technical changes on the future levels of output and

input--partiéularlj labor inputs;LEhEBQghou; ail sectors of
the economy. " | |
.Whilé thefe ;s”no shoftgge of ."expert'gestimates of-isolaﬁgd‘
numbers (like the sales of computers in 1990);‘the specialized
literature in this area is still véry limited, and robotics
seems to be the 6n1y aspect of automation that has been studied
at ali systematicdmally to -date., While technical studies liﬁé
those that have so far beenlcarried 6ut'on1y for ;obqtics must’
be welcoﬁed-and ensopraged, théir detailed-findings nged to be
-{incorporated with'th; results of oﬁher simildr studies into a
comprehensive analyticalvffaméwork before useful generallcoh-

clusions can be afawn. It is ppecisely such an effort, based

. - i ~ '
on a dynamic input-output model of the U.S. economy, that is

&

described in this report.. |

. A number of other studies of‘structural.bhanée have been
‘carried 60t withtn‘the inpuﬁéouﬁputlframeuork, stérting with
Professor Leontief's analysis in th? 1930's of.éhe changfngf
0.8, eqonch between 1919 and 1929 [Leontief, 1941], Most
;other émpiricaigwor&,hég'also been concérned wigh analysis of
the past, notably {Carter, 1970; Vacéarahand Simon, 1963;

Bezdek andIWendiing, 1976). The férmﬁla;ion of detailed

-

17
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L]
-

1

scenariosl to.analyze future prospe¢ts was also initiated by

Leontief [Leontief, Carter, qnd—Petri, 1977]. A recent input-

output study ofmphe-impaqts of Euture;technolbgical'qhange-bn.

the Austrian economy, invclving construction of alternative
scenarios Eollows,%p‘this tréditiOn [Osterreichisches Instit@fﬁ
1981]. The.Ecqﬁbmic Growth' Model of the ﬁureau 6f Labor Statis-
tiés (BLS) uses an input4output'mbdule-withiﬁ an-econdﬁetric
Eramework'to project fﬁhure empld?mént {Dfs. Department o§~
Lébor,'1§82bl.- W; have made extensive use of the hi;tonicgi
data prepared by this group, directed by ?onéldeutscher, in
the development of our model. We have also used their detal}eﬁ

L@

projecﬁions of final demand.

Alternative.teqnndlogical écenarios are formulated and

gomputed withih.th framework of a comprehensive, d?némi;
input-outpuﬁbmo&gl Sf,the-enﬁine U.S. ecoﬁqmy de?elopéd for -
this study.  This ﬁéans thaﬁ,inﬁef-teﬁporal-consistency is
assured between the production,oflinvestment gocds-and éhéir
subsequent availapility. Thé-;eQeI and comﬁ&sitipn'Bf each
sector's *annuai‘r:eplacement 'an_d ex-par_l_Sio’n investment reflect
‘within the framéwérk of this model tﬁe-parﬁicu}ar Eeéhnolog;calu

~and growthSCOnditions'postulaﬁed in each scenar’:iq.2 The data

lvgcenario,™ in the narrow sense, means a set of

assumptions about ‘certaln aspects of the €conomy. - When the . -

implications of the scenario are computed, projections of

other aspects of the economy are obtained. The word is

also used to mean the projections implied by the assumptions..
. P } - . -
27he . Wworld Model [Leontief, Carter, and Petri, 1977] took
steps in these dirsctions: all the other-cited studies
carried out essentially within a comparative static framework.




work carried out for this study, although still very Ifar:from-'

I

‘exhaustive;-is more comprehensive and more fu11y7documented
than-that used in most other descrlptlons of the U.S. economy,
,especzally with regard to future teqhnologlcal options, ‘and

' the‘alternatlve scenarlos are designed so as to focus attention

on ‘intensive examfnation of -the  changing structure of employment.

Itzneeds to be emphasized at the outset that this-study

¢

represents only a f1rst step in ant101pat1ng the future demand -

for labor. In add1tlon to the prellminary nature of the work

that has been done, we -have-concentratéd on only one--albeit the

newest,‘most”talked about --component of'tecnnological change:
oomputer-based-automation;ﬂlOur most.substantjal results
will be based on thelc0mparison of employment projeotions
under alternative assumptions'about computer-based automa-

tion. While some readers may be tempted to draw more general'

] ¢

'concluslons about future technologlcal unemployment, such an
analysis cannot be supported by the work whlch.has been done
':to date. This is one of our next tasks. - |

The report is divided into four parts. Part I provides

an overview of the study and reports the results. The,dynamiC'

-
»

" input-output modef;is described in Part II. Part III describes

the assembly of the database for 1963 to 1980, and the five

. chapters of Part IV contain sector' studies on the automation

- of production and office operations, education, and healthcare

which serve 'as the basis for alternative scenarios about. the

future. The Appendix contains the graphic presentation of

selected results under alternative scenarios.

19
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1.5

B. Methodology and Scénarioé

To 1mprove the understand1ng of the ,impacts of past
technolog1cal,change on employment in the U.s. and to asseés
the probable effects of 1mpending computer-based automation
' the demand for labor over the next few decades, a dynam1c
1nput—output model of the 0.8, econpmy was developed ang ‘an
extensive dgtabase was prqpared conta1n1qg defcr;ptions of
-bast and present technologies and of technological changés
to be_intréduééd in the rglaﬁively near’fﬁture;' Fau:mdif
Iferent scenarios were formuiatedf-anqaalterngtive prﬁjecﬁioas
. based on them were computed Qith thé’model toldétérﬁine the
stfucture of employment cotrespoﬁding'to each of them.:
This section proGides an overview of the mgthSEOIQQy and
describes the scenarios.. ‘A.formél dg?ﬁ%ﬁptioh df,ghe model

a9

and data used in its practical implementation is provided in

L T

the following chapters.

The-national economy consists of a set of inter-related.

sectors each characterized at a given time by a common prinqibal

-

output and the combinaEiOQ‘of inputs to prpduée that output-- -

including labor inpu;s‘oﬁ varibus types. The,estabiishments
in each sector employ ip-an& given yéaﬁ a ‘'specific mix of
machines, tools, énd hﬁman ;aﬁorito Eransﬁdrm a‘specific-
combinatioa of purchased inputs (pfoduced by the same or
~other sector;} into ‘the characteristic output of‘Ehe sector.
" At ény giQen time there afe'typicéllylsévefal distinct'“

technologies or productloncprocesses in use at dlfferent

estab11shments w1th1n a sector or even at a 51ngle plant.
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The average combination of inputs that characterize the sector -
corresponds to both the input requirements of alternative

technolougies and the weight with which- each alternative

operates in‘the_national economy. Technological change

4

involves a change in these'weights, where typically the newest'l
technologies are progressively phased in'(inoreased weight)
and the oldest ellminated (deoreased welght) Of course,
technologlcal change also 1nvolves the introduction of new |
processes and products that were not preVlOusly available.
. Portions of a sector's-stook of plant and eouipment;are'
.periodically replaced while current additions to it make
possible an increase of'outputuin the‘futqre. 'fhe technological
requirements for the replacement of existing capital (i.e. to.
maintain current prodoctfon cepacity) are in large part -
dictated by the‘mixlofoinvestment goods already'in place.and
to this:extent reflect the teohnologies elready in’use. |
Some'modernlzation also takes plecei'tnis involves the
incorporation of newly available technologies‘into.existlng .
,plant. However, in a growing economy the new teohnologies
are typloally refleoted first .in newly produoedscapltal equlp~
« ment installed expressly for the expansion of existing oapacity--:”
and naturally in the occupational composition of the "labor
foroe which works with the physioal o;pital ano other inputs.l
The state of the national economy in each_year over the
time interval 1963-2000 is deeoribed in terms of commodity

flows among 89 producing seotors and labor inputs absdrbed

by each of them specified in terms of S3 occupations.

+
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1

Numerical data are organizednfor each year into four maﬁricee ;
of technidai'parameters'describing the input‘etnuctures of all
sectors of the-economyqduring that year. Tnese mairicee
specify the input reqdirements on current‘account (a matrix);
capital expanSion and replacement requirements (B and R matrices,
respectively); and labor inputs (L matrix), of each sector per
unit of its respective tOF?l output:gor per unit of pro;ected
future incnease in cabacity in the case.ef expansion. Veetors
of non-investment final ~demand, including household consumption;
government purchases, and net exports (y vector) are also
_reqUired. For the past years, government agencies produce
official series containing most.of this information: the.
sources and data preparation-are described in Cnapter 3.

Figures describing future technolggical ontions-are
assembled as part of separate sector studies_whiqh‘appear in
Chapters 4-8. fheee sector etudiee yielded descnipfions df
alternative input stkuctnree,‘that is, éolumnsland-rows of
technical coefficien;s tnat are insereed into the A, B, R,

LY

-and L matrices. Tney also yielded projected vectors of non-
investment final,demand (y),afofgfuture years; The fact;
finding efforts were,concentrated on the systemaiid study
of'computers ueed to automate“production and office-operations;
as well as the potential for automation in the education and
health care sectors. Figuie 1.1 indicates the rows and columns

of coefficients, inclnding cap1ta1 and labor coeff1c1ents; which

have been re-examined.

Y

In addition,to this data base, the structure of the model

¢ .
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Figure 1.1, Llocation of the 1980 Technical Coefficients
TRe-txamined Eor Projections to 1990 and 2000

A, 3, and R Malricos

TEA ¥ sector

-4 Mjriculture
=10 Mining
13 consteuction
12 Ordaance
13,14 Foixl, obgs
15-14, 312,13 Textiles, etc.
19=-25 tunber, Paper, etc.
26-24, 31 - Clwemicals, etc.
29 ° pPaints
W etroleun Refining
34,35 tslass, Stone, Clay
16 fron and Steeld
.37 Nonferrous Metals
3u-41 Metal Products '
46.  Metalworking Machinery
12-45, 47~-44, 52 Other Machinery
Hh, Rolots
Sl Couputers
- OEfice Equipment .12
53-55, 6} . Electrical Eywip., etc. 20
Sh Comunicarions ¥guip. 20
57-54 Electronic Conponents 22
61-63 Transportation gquip. 23
64-6h Dther Manufacturing 24
67, 71, T2 Teansp. amd T'rade 25
6, 6Y Comunications - 26
70 Utilities 27
73-75  ¥Pin., Insur., ard R.E. 28 .
77 husiness Services 29 .
B, 82 Healeh Care . LE .
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Tigure i.1 {continued}
L Matrices

Occupation ’ o -

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 2627 28 29 30 31 32
Eng. and Sci. {1.5%)08 1 x X x
Computer Prof. {0.4) 2 xxxxxxxxxx@;@ X X X X X X X X X X
Health Prof. (2.7) 3 ' : : : x
Teachers (4.5) . T
brafters (0,3}
Other prof, (6.0}
Managers (10.6)
Rales Workers (6.6}
Clerical (17.8)
Constr, Crafes. {3.8)
Metalw, Crafts, {1.3)
Robot Techniciang (=-=)
Mechanics (3.9} )
Other Craftamen (4.3)
Asscomblers (1.2)
irspectors (0.8}
packers (0.8}
Painters (0.2)
Welders (0.7}
Delivery Workers (2.6}
Other Operatives (9.4} 2i
Janirors {1.5) :
Food Sve. Work. {3,9) 23
Other Sve. Work, (6.9) 24
Laborers (4.9) 25
Farm Workers {3.2} 26

T R R Y
D P E R R Y
TR MMM MKMW WM KKK KKK KKK KKK
B U VI VIRV N VI VI VR O O P R VN
T N E R E E L R EE T,

anumher in parenthesis shows corresponding percentage of 197# Jabnr force.

Motes: 1, The first matriX in this figure has 12 rows and 12 columna, corl'espondinq to 32 sectars of the economy.
The second matrix has 26 rows and 32 columng, corresponding to 26 occupations and the same 32 sectors as the first
matriX, These sectoral and occupational ciassification.schemes are more aggregated than those used in the IEA model.
The correspondence i given by the codes in the columns preceding the sector and occupatinn names in the fiqure,
labelled IEA # and LAB #, respectively, These codes, in turn, are described in Tables 1.} and 3.7.
2, The letter 'x' indicates an entry that has heen eXplicitly projected for this study. 'X* may represent
a zero; €.g9., a full column of x's does nhot necessarily mean that the sector purchases all inputs. °x° does*not
necessalily mean that the entry projected for a future year is different from the base year value (although this is
o typically the case}l. For example, the column representing Of fice Equipment is filled with X's becayse the future
‘,o input structuyre of that sector was eXplicitly examined; however, in the A matrix only a single entry, in that column
is expected to change gignificantly from the base year value. Many empty cells contain zerove. For example, the ©
rows for Heéalth Professionals and Teachers each contain only 1 X' because these workers are virtually all empioyed
by the Health Car= and Education sectors, respectively,

REST COPY AVAILABLE
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can be seen as reflecting explicit cdnceptual assumptions -

about how the economy works,}ipdependent of the spécific' W

. k)
values assigned tn different variables and parameters. The

structure of the médeI implicitly‘dete?ﬁines the range of
questions that can be ezﬁmihgd, and the dynamic input-ocutput
model msed in this anzivsis makes it possible to:begin to
- answer queétidnS*—like_those an&lyzed in this sﬁﬁdynfthat
could.noﬁ fofﬁerly even be conéretely addressed.
Ihe dynamic input;output model is used to project, ?ear
by year from 1963 to 2000, the sectoral -outputs and investment

,and labor requirements of the U.S. economy under alterpativa

L}
: R

assumptions about its'changing techﬁological structure.
Each set of such assumptions constitutes a-scenafio.

Four different scenarios, 31.'52, 83 aﬁd sS4, tracing
four alternative paths.thaﬁ the U.S. economy might follow
fbetween 1980 and 2000, were formuléted»and'computed. .These
,were'selected with the vjéQ of bracketing among them' the.
upper and the,lowerflimité_of the rates at which different
sectors of the“q.S; economy.ﬁight be expectgd-to'adapt the

: . ¥
new technology. The reference scenario, Sl, represents the

chanéing input=-output strﬁcture of Ehe economy , yeak by
year, between 1963 and 1930;'but'assumes no further éﬁtoma4ﬂ
tion orhany other technological éhange angr'lQSO: ‘in other
words, from 1980 on, robots, numeriaally controlled chhiné
tools,'and automated offiqe equipment, to name a feé examples,
are used only to the extent that they figured in the averagé '

technologies that prevailed in 1980. Final demand, comprising

private household consumption, government consumption and net

o7
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exﬁorts, however, is assuméd to continue'to grow over a pro-
jectgd péih-through‘ﬁgoo;-‘The tomputation of this scenario is
thus an éxperiment that éllows‘us(to assess future emp loyment
and othe% réquireme;ts to satisfy plausible final demand in the
absence of technological.imp:oveménts from 1989 on: it sefves
as a bqseline'with wirich one can-éompare the‘oiher scenJrLos.
‘Scenarios SZ'and-SQ are,igenticél'wilh Sl through 1990I

but differ in their techno;ogical-595umptioﬁs for the iater-
years. Both scenarios ﬁrojecilan increasing use Oof computers

in all sectors for specific information processing and -

machine control tasks and their integration. Computerizing

each task also involves changeées in other inputs, nodtably
:;abor inputs. _ﬁhile the detéils are different }h éach case,
ééenario S3 assumes faster tecﬁnologicar progress and the
more rapid adoption‘OE availgble technoloéies than dods §21
for example, the availability of more poﬁerfullsoftware to.
dampen the demand for programmers and more raéid elimination
of human drafters. Under botp scenarios, the demand Eor‘ .
computers (measured in Eonstant prices per unit of output)

is naturally higher in 2000 than in 1990. £

]

These scenarios alsg represent the greater use of two
:other mic;;processor~based-devices, robots and'coﬁputer
numericaliy-controlled (CNC) machine tools, for a growing
range of specific manufacturing operations. Scenafio 3
assumes a faster replacemeqt by robots of six caiégdriés of

production workers in many manufacturing sectors (and associated

| savings in péin; where applicable). Tt also implies faster
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substitutioﬁ than S2 oE_CN¢ for convgntiohal machine’ tools
and greater savings per tool-in steel scrap leading to cor-
responding rédﬁctions in direct requirements for the ﬁetal-
working oﬁcuﬁatioﬁs. !

‘All projections assumé that comphterfﬁased worksiatiﬁns
?il} be replacing conventional office equipment,. and- that
‘most deliveries after 1985 will be for integrated elecqronic‘
systems rather than stand-alone de§icés. The process is )
accelérated‘undgr Scenario §3 where, Eorlexample,.qﬁnventidhal
typewriters are no loﬁger produced after 1985. -Cofresééagihd
direct impacts on the demand for manageriél,_éale53 and six f

categories of clerical workers in different sectors of the -

economy are represeptedlin detail.

Both Scenarios S2 and S3 assume thk continqafion of

racent tfends in the inpdt‘spructures of the health cérg
sectors: notagly inéreasedluse,per case of various types
of capital equipment for diagnosis and'treatménﬁr‘of_drugs and
dthér chemicals, and of plastic-disposabie items, as'well.as
an expansion of nohphyéiéian medical personnél. These changes
proceed more rapidly under Scenario §3 tﬁan $2. The health
ca?e sectors also continue the ‘automation of office-type opera-~
tions, with the direct consequences described above. Undef
Scenério 81, there are no structu:al changes, in these or in
other sectors, after 1980.

Just‘as computers are inqreasinqu affecting the conduct' ’
of pfofessional and leisure act;vities, the demand for éompqt&g:

Il

based education, training. and recreation in schools, on the
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:job, arnd in homes will also increase. In all Years through

2000 Scenario s3 assumes far more computer-based courses per
student ‘and more_teacher tra}ning thanIScenario s2. It also
postulates on-therob training inlmote sectots and-fot’a greater
number of occupations.‘

*

The dynamic 1nput—output model used in this study regquires
that projections‘of final demand other than 1nvestment--
essentially the level and’ comp051tion of Euture public and
private consumption--be provided Erom outside the model. For
present purposes the same BLS final demand proJectiohs (excluding '

- deliveries for 1nvestment purposes) were used in Scenarios Sl s2,
and $3 so that differences in scenario outcomes have to .be attri-'
buted exclusively to the different technological assumptions.

We have not yet examined first-hand in detail the 1mpli-
cations of technological and demographic change Eou the
future input structures of households; of'technological
chfnge and altetnatiVe government policy for the input-strucm
tures of the various federal, state.and local publio adminis--\
tration functions, or of,technoloqical ohange and related
shifts inm international comparative advantage for the |
comoositionlof'U.S. exports and imports; Under these

- circumstances we decided that the best_starting ooint uould
be the BLS final demand projections which, howeueg; Have -
fbeen.reyised upwards with respeét to:the use of comouters‘by
the military and .by households. | .
Scenario S4 is identical to S3 in all of its assumptions

about the technological structure of the ecoromy but the final'

30




demand pnOJectlons incorporated in it are different Erom those
used 1n the third as well as the flrst and second Scenarlos.
The reasons'for this are -discussed in subsequent sect1ons.

Emp loyment figures-shown in tﬁis srudy_do not, un1é33:other-
wise noted,‘includé either'QOVdrnment employees in the atmed
forcés and in publig administration positidﬁs or household |

workers, and the value of final demand does not include payments

to them.

C. Impacts of'Automatiod on Empioyﬁent; Principal Findings
This section descrlbes the future demand for labor based on’
comparlsons of alternat1Ve projections from Scenarlos S1 through
54, The results of some of the computatlonslare shown in
the graphs appdéring in the Appendix, in each of which Ehangds
in one particdlar variab}e are plotted uqder Qrojected alter=~
native scenarios over the périod‘196§-2000. An examination
of graphs #5 and #6 in Sectﬁon C of the Appendix (p. APP441),
for example,‘shows’thit’the output of Iroﬁ'and ferroalloy !
Ores Mlnlng {IEA #5)3 is generally lower and Nonferrous
Metal Mlnlng (IEA #6) 'is generally higher under Scenario 83
than Scenario Sl. Despite the clear pattern, however,:thlg
is not the case in_every ydar since each curve reflectsna

!

distinct pattern of capdcity utilization and investment

~which in turn requires distinct cyclical patterns of produc-

tion, especially for capital-producing sectors. A preliminary

. L .y
3IEA #nn refers to sector number nn in the IEA sectoral
classification scheme which is given in Table 3.l of Chapter 3.
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investigation suggests thgi the cycles of sectoral o;tput and
)of gross sectoral invéstment produced‘by this model for the
:perfod 1963-1981 bear a respectable resemblance to théée thatf
have bgen actual;y‘experien%ed. (Actuai outpuﬁ and iﬁvestmenf
figqres have in-no Eense beén used;to "calibratg“lthe ;odéli)4j
Nonetheless, gareful analysis of the cYclés will Eequire.a

- separate study, and here_we.concentréte instead on the secular

trends. Thus, whilé the.taples appearing in-this sesction

contain data for ihdividual yearé[ more th#n a single year
is always shown and only relationships of the long-term trends .

®

are illustrated. : .
The results 0of this study show that the intensive use of
automation will make it possible to achieve over the next 20 -

years significant economies in labor relative to the productidnx
¢ T . ‘
of. the same bllls of goods with the mix of technologies cur- -

rently in use. . Over 11 million fewer workers are required in

v *.

' %990f and over 20 million fewer in 2000, under Scenario S3.
compared to Sl: ghis represents a 'saving of 8.5% and 11l.7%,
respectively,'of the reference sce;afio labdr'requirements;

The levels and composition of employment in 1978 under
Scenario§-81, S2, and 83 are shown in Tables l. 1 and. 1 2. 'BLé
estimates for the same year are included for comparison. Since
the same BLS sectoral dlrect_labor‘coefﬁrc@ents were used in
" the IEA database, it is not surprising that the two séts ;f

estimates for the economy as a whole are within 1% of each other.

4The model systematlcally falls to repllcate the s1gn1f1-
cant downturn of 1982, in large part because of the presumed
monotonic growth of final demand from 1980 to. 1985. Real GNP
in 1982 actually fell. .

-
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Table 1.1 Lévels‘oE;Employmenta under Scenarios
S1, S2, and S3 in 1978, 1990 and 2000
.{millions of person-years)-

Scenarios . o N
sl, s2, and $3 BLS Estimatesbd

Professionals ©13.9 : - 13.3
Managers ' 9.5 - = 9.6
Sales Workers 5.9 . 5.9
Clerical Workers | 15.9 o "15.6
Craftsmen - - 1.8 . - 12,0
Operatives . 14.0 . ‘ 14.3
Service Workers - o 11,1 “ 10.6 -
‘|Laborers . - 4,3 - ' ' 4.5
Farmers = ) C 2.8 Sl 2.8
Total e L 89.2 . : 88.6

o B - Scenario Scenario | Sc¢enario
- . 81 $2. - 83
‘Professionals - ; 19.8 21.2 ©20.9
Mandgers 14,4 -14.4 - 12,4
Sales Workers 9.1 8.9 ’ 8.2
Clerical workers . 24.7 ' 21,2, 16.7°
Craftsmen . 18.0 17.9 - 17.5
Operatives ' 22.0 - 21.8 . 21.1
Service Workers 16.7 © 16.8 . 16.8
Laborers 6.6 i 6.6 : " 6.4
Farmers 4.2 e 402 1 4.2
Total ’ . 135.5 132.9 124.1

Professionals 25.6 . 284 ©31.1
Managers ' 19,0 7.y 112
Sales Workers 12.4 11.8 10.2
Clerical Workers © 32,6 25.0 - 17.9
Craftsmen ' 23.3 - 22.9 . 23.4
Operatives o 27.6 26.1 | - 25.8
Service Workers 22.3 - 22.4 23.0
Laborers . 8.7 8.6 8.7
Farmers 5.3 5.3 5.4
Total . 'l 176.8 | 167.7 156.6

2Includes all private sector employment (jobs) plus em-
ployment in public-education and health. Does not incClude
public administration, armed forces, or household employees.

‘pCalculated from [U.S. Department- of Labor, 1981] using.
the employment definitions of the IEA Model. :




Composition of Eﬁploymenta underIScenariosk
{(percentages) : - -

Tqﬁle 1,2

. - Scenarios
E .81, 'S2,and S3

BLS Estimatesb -

Professiohals
Managers .
Sales Workers
Clerical Workers -
Craftsmen '
Operatives’
Service Workers
|Laborers .-

‘|Farmers

Total .

-15.6

- 9,5
6.6
17.8
13.3
15,7
12.4
4.9
3,2
100.0

a

15,0

110.8
6.7
17.7
13.6
16.1
12,0
5.0 °
3.2
100, 0

Scenario .

Sl

Scenaric
S2

Scenario
S$3

Professionals
Managers ‘
Sales Workers
_Clerical Workers
Craftsmen
Operatives
Service Workers-
Laborers

Farmers

. Total

14.6.
10.6
6.7
18.2
13.3
16.3
12.3

. 4.9 -

3.1

-100.0

16.0

10.8°7

6.7

15.9
13.5
16.4
12.6
1.9
3.1
100.0

16.8
d 10.0.
6.6
13.5
14.1
17.0
©13.5
5.2
3.3

Professionals
Managers

Sales Workers
Clerical_ Workers
Craftsmen
Operatives.
Service Workers
Laborers

Farmers

Total -

14.5% -

10.8
7.0

18.4.
13.2
15.6
12.6
4,9
3,0
100.0

16.9%
10.2
7.0
14-9
13.7
15.6
13.4
5.1

3.2,
'100.0

o
-]

OB UV-JUNOoO&UNDD

"a,bgee Table 1.1.




The subsequent impacts of automation are dlfferent for
dlfﬁerent types of work, and this 15 apparent even in terms
of the 9 broad categorles of labor shown "in Table 1.1 and 1. 2 5
By 1990 there is a progre331ve increase in the propo;tlon of
Iprofessionals and a steeplreduction in the‘nomber and ptoportion
of clérical workers as.we move from Scenario Sl through §2

to S53.

- BY the.year 2000, profess;onale:will account for nearly -

.f

20% of all labor';equiremente'under.Scenairo s3 compared'to
115.6% in 1978, and demand for clerical workers falls to 11.5%
from 17.8% in. 19?8. The demand for managers: also slackens )
notlceably by 2000 under Scenario Si, and 1n absolute numbers,-
is lower than'in 1990 even though in the aggregate 32 mllllon
'workers-have been added to the labor force oy the end‘pf the
*decade according to this scenario. o
) ' Section A of the Appendix shows labor teqﬁirements at the
level of -detail of 53 occupations. - The increased demand for -
professionals;is seen in that section of the Appendix to be
'mainiylfor computer specialists (LAB #6-8)% ang engineers (LAB -
#1-4) while the demand for all oategories of clerical woar:ker:s is

7 o ' -
seen in the graphs to be significantly lower.under Scenario S3

‘than si.

o :

SMost of the nine aggregate categorfes_are self-explan—~
atory. Craftsmen, operatives, and laborers are. sometimes called
skilled, semi-skilled, and unskilled blue-collar workers,
respectively. The occupational classification scheme is given
in Table 3.7 of Chapter 3. - .

8LAB #mm refers to occupation number mm in the IEA occupa-
tional classification scheme which is given in Table 3.7 of Chap-
ter 3, - b

’ N
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The projected demand Eor constructlon craftsmen (LAB #25-
28) has a markedly dlfferent pattern than that wh1ch has been
dlscussed so far: 1t E0110ws the cycles of the 1nvestment |
‘ demand for structures, and the peaks under Scenarlo 83 reflect
the 1ncreased demad% Eor capltal. The sharp fall in demand
for skilled petal-workers (LAB #30-31) reflects in part’ the.
increased use of CNC machine tools. o . - i

The impacts_cf rohots'on demand for the affected semi-
skilled occupations (LAB #39-43, 46)7 .and Laborers’ (LAB
#52)-15 much more modest. while the reduction in demand
Eor‘these categories of workers, which is;directlf attribut-
ablé to robots, is about 400,000 in 1990 and almost two
million in 2000 under Scenario Sj, the net.demand is about
the same as under‘Scenario'SLrIappa;ently due to the'off-
- setting effects of increased production cf‘capital goods.
bectlonsﬂB and C of the Appendlx show_ labor by sector and
'output by sector, reapectively, and it is of 1nterest to look
,_at the two series of graphs side by side. . (All three scenarios
assume the same final demand ?or any glven year: personal
consumptlon and re51dent1al anestment.'government purchases,
and net exports do not change Erom one scenarlo to another.
. Capital goods which are used in productlon-—lnvestment goods-—‘
are not 1nc1uded'1n final demand.) ‘

One effect of the automation represented in Scenario S3

is reduced requirenents for iron and ferroalloys (IEA #5 and

7LAB- #46, a residual cateéory of operatives 1lncluding semi-
skilled metal workers, is affected by both CNC machine 'tools and
robots. . .
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36)lr due in part to the. reduced steel scrap attrlbutable to
the use of computer numerlcally controlled machine tools. ) ' 4
At the same time, the increased demand'for nonferrous metals
(IEA #6 and 37) is also notable. ' - S
For most Sectors these graphs show increases in output
‘accompanied by reductions in employment under Scenario 83 as
comparedrto sl,. particularly Eor‘many of the netal—working
sectors (e. Ge s IEA #37 -44) and Semlconductors (IEA #58)
While employment in the computer sector (IBA #50) 1ncreases
Substantially, output grows at a much greater rate., Under
the given assumptions——in particulafm‘the same final demand
(that does not include investment) for all three»scenarios-—
the increase'in.the actual output of .most service sectors is
about the same under alternative scenarios, and the labor
Savings in the service sectors due to office automatlon are
very substantial, especlally for IEA #71 75 and 83- 85.
v The’ proportlon of employment absorbed in the production
of capital goods varies considerably‘from occupation ‘to occu- ;
pation. @hile there are differences over time and across
scenarios, it appears tnat 5-6% of the private economy labor Co
force isbemployed directly or indirectly in the—production
of the private economy's capital goods ., 8 about 12-15% of

craftsmen are involved in the producEion of cap1tal goods, 9- 11%

of laborers, and a somewhat smaller percentage of operatlves.

L §

, 8These include cap1ta1 for public -education and health
care but exclude other govéernment capital. Also excluded
from these figures are residential real estate and other
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As could belanticipated, practically no agricultural workers

and barely 1% of service wérkgrs are involved. IWhile'undéri

most scenarios for-most yearé(only 2-3% of p;;Eessionals-

are ,so engaged, this rises to slightly mﬁ:e than 4% by 2000

under Scenario S3. ’ | |

| IAgdregate gross outpﬁi is in é;l years several percent

higher under Scenario $3 (and S2) than Sl. . While most of the
‘incfease iﬁ output under Scenario S3 relative to Sl is due to
the production of ‘intermediate goods (involving. an. indeter-
miﬁate amount of “double-counting"), by far the greatest
percentage increase (in most‘yea;s) is in‘thé-production of
investment goods. - In the year 2000.nfpr“examp;e.'aggregate-
gross output. of these QOOGslis 6.6% ﬁigher;und&r Scenario S3
than Sl: final demand (comprising personal consumption, .
government pdrchases_aﬁd ﬁet"exports_but noﬁ productive
investment) is postulated to be the same; output for inger-
industry use {s 8.8% higher; And invégtmenﬁ is 42.3% higher.
~Figure 1.2 shows annual investment as a'percéntaée of total
“final demand unﬁér the three scenarios. from11963;to 2090{.
several BLS‘eétimates and'prﬁjections arelalso shown in the

. figure. The labor savings discussed earlier are, naturally,-
in part made ppssible by the substitutioﬁ of qapital fof

labor.

houséhold capital and business ‘inventories which are all
accounted for as part of other final demand. :




Investment as a Percentage of Total-
Final Deliveries,® 1963-2000 -

Figure 1.2,

L

Scenario &l

arnvestment is-defined as gross private fixed capltal
formation, including investment for public education and healtn
Total final deliveries includes investment.

o care., .
1980, 1985, and

Source: BLS figures are given for 1968, 1973,
- 1990 in [U S. Department of Labor, 1982a, p. 141




Cépitai'flpas under alternative scenarios are summarized
in‘Tabietl}BJ investmept in rhis table is cumﬁlated (in
tonstant 1979 prfceé) Sﬁer ten-year periods'ih-anfattempt to ~
focus on secuﬁar changes rather thaghyear-to-year fluctuations..
The first three columns of the table shéw total 1nvestment, ‘-
inves;mgnt 1n computers, and investment in robots over three
successive decades. . During both decades 1931_1990 and 1991- -2000,
about, half the value of the add1t10na1 investment uhder’ ’
Scenarlo 83 as compared wlth Sl (or 52) is for computers.,
Total 1nvestment is about 15% hlgher under Scenario 53 than

Sl in the 1980's and -50% higher in the 1990's.

o

Table 1.3 Total Investment and Investment in
Computers and Robots
under Scenarios Sl, $2 and S3 by Decade

a——

Gross Investment by Decade

{millions of dollars, 1979 prlces) T

¢ : , Computers as
¥ proportion

Total Computers .| Robots|of total -

Scenarios S1, |$2,304,430| 34,584 | °s248 |  1.s%
52, and 53 . : ,

1 Scenario sl .| 3,552,491 68,204 | 1,870
-Scenario 82 3,838,773| 191,161 | 5,808
Scenario S3 4,069,842! '330,228 |10,687

— > . _
Scenario sl | 4,103,334! 86,480 | 2,338
Scenario -S2 | 4,686,462| 490,766 |11,043
Scenario S3 | 6,151,903{1,191,765 |29,078




The 1ncrea51ng use of automatic equipment involves shifts
not only in the occupat1ona1 but also in the sectoral’ dlstr1bu-
tion of tPe work force, with the increased product1on_of cap-
itai goods slofiﬁg‘the transfer from manufacturing tolse:vicé:
sector employmeot over'the next twenty years. This is oeen
‘in Figure 1.3}'ghich is a graphic presentation of thefﬁercentade -
‘oﬁ eﬁpioyment“in-mahufocturing, seréice, and other sectors
between 1963 .and 2000. o |

¥

D. Discussion and Implications of the- Results’

Scenarlo 33, wh1ch is the basis for the following dis~-
cu551on, assumes the accelerated adoptlon through the year
2000 of computer-based automation into all sectors of the
economy, accompanied by‘a continual increase in the mateoial
standafd of living. While invostmentjis computed within the
IEA model, the other components of Eiﬁal demand-(persohal) .
consumption, govérﬁment purchases, and net exports) are pre-
scrlbed as explained in Chapter 8. Tﬁis section iﬁtroduceo an
additional scenario, S84, with alternatlve final demand assumptlons.

Table 1.4 shows final demand postulated.under Scenaric
S$3 on a per employee_apd per’capité_oasig for se}octed'fearé
sincel;§63 and projections for 1990 and 2000. The range of
figures shown for'fqture populét%?n corresponds to the most
recent lowest énd;highest Bureau cf the Census pfojéctions,
Final demano‘per capita-and‘its average annual rate of growth

are likewise expressed -as a range from highest (corresponding.

to the Iowest population projectic~) to lowest {corresponding
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Figure 1.3. Percentage. Distribution of Employmenﬁ'ambﬁg'Serviée.
Manufacturing, and-Other Sectors, 1963-2000

%

] %

i
Manufdcturing

|

:Scenario sl

1
1 M a

1965 1975 1985 1995

Note: Manufacturing is defined to include IEA #12-66 and #86.
The residual category, Other Sectors, includes Agriculture (IEA
#1=-4), Mining {IEA #5-10}, and Construction (IEA #11). All
remaining sectors are included as Services, Public administra-
tion, armed forces, and household workers are not included.
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Table 1.4,

Noninvestment Final Deliveriesd per Employee-Year .

- -

E 3

L

and. per Capita undér Scenario S3 and S4P 1963-2000.

Final Deliveries?

(millions of dollars)

1979 prices

h

per Blployee-teé'r
{dollars, 1979
prices) -

Final Deliveriesa]

'Populafion

(ﬁﬁllions) )

Final Deliveries®
per Capita
(dollars, 1979

prices)

Average Annual Rate
of Growth' in Final
Deliveries® Per
Capita since Llast

Scenarlio 83
11963
1967

1972

$1,226, 784
1,442,482
1,716,593
1,883,452
2,902,133

3,855,045

© $19,189°
20,725
21,951
N\

21)850

246-255

256-282

$6,484
} .
7,260

8,178

' 11,797-11,381

*,

15,059-13,670

Be_nchnark Year (%)

2.47-1.85

Scenario 54

o

1990 |

2000

' 2,782,565

3,224,360

24,133

' 25,151

246-255

. D56~282

*

11,311-10,912 |:

12,595-11,434

202“1.9
1.1-0.5

aFinal deliveries includes 'goods and services purchased from the private economy for personal and public

consumption and net exports. They exclude gross private fixed nen-residential investment. -

bsee text for 'desgriptibn of Scenario 54,

]

Sources: Final deliveries, see Chapter 8; population, [U.S. Department of Covmerce, 1979, 1982b, 1982c].
. B L .
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to the higﬁese popuiation projection). The last column of
the table shows the real growth of per capita Einai demaod

. which is postulated in Scenarlos sl, 52, and SS to increase
over the next twenty years at about 2% a year under the hlgh

L,
pOpulatlon projections.

\ . * ‘
The first row of Table 1.5 shows the levels of employment

which according toISCenario 83 would be required in order to
satisfy this growthtin total final deliveries (assumed in this
" as well as in Scenarios s1 and_sz).‘ The first Eou;‘entries of
the rhird row‘shoo data'for the same employme?r concept
prepared from gorernmentgsources for.benchmark‘years between
1963 and 1977, and the match with the IEA results is excellent.
For 1990, the prOJectlon based on BLS, assumptlons (which .are
described in the noteS'to-the table).1s.preaented.as a range’
.0f low to high. Since no ooﬁparabie figures have been projeoted
for 2000, we include in the last row of the row of_rhe_table
civilfan labor force projections for the porpose of comparisoo
with the IEA'employment projedtions. The difference between the
employment concept of the first three r0ws and the c1v1lian |
labor force is that the latter measures persons rather than jobs
and includes both the unemployed and those employed .in households

. and public admipistration. For the.years shown between 1963 and

1977, thie difference amounts to between 6 1/2 and 10 million.?

-

9Public administration is treated here as a final demand sector,
"and as such its future input structure is based on BLS projections.

In future work, téchnological changes affecting public administration
will be projected in terms of individual technological eoeff1c1ents,
Preliminary computations suggest that public- administration ‘employ-
ment would be about 15.6% less in 2000 under the technological assump-

tions of Scenario 83 than those of Sl, compared to a difference of ,
11.7% between the two scenarios for employment in the private economy.




Table 1.5. U,S. Employment Under Scenarios S3 and 54,4 1963-2000,
' and Other Projections

1963 1967 1972 1977 199b" 2000

Cod

=,
.

IEA E:mploymentb Estimates and
Projections

.Scenario s3 - y e 1 ‘ - ; ! 2 | . 156.6
Scenario sS4 ' . - 0 86,2 | 115, 128,2

Actual and PrOJected Emplqyment from _ : ) : . . not -
Other sourcesP:C _ : _ 3.9 favailable

Actual and Projected Civilian:Labor , i ; . . .91, 'l32.9-
Forced . , " ' . 38,3 157.4-

ASee text for'descriptioh of Scenario S4. .

PIncludes private sector employment (jobs)‘plus employment in public. education and o
health Excludes public adm1n1strat10n, armed forces, and household workers, v

CEntries for 1963-1977 are from [U S. Department of Commerce, 1981, 1982a). - The ratio

the BLS for 1990 (U.S, Degpartment of Labor, 1981]) was applied to the civilian labor-.
force projections for 1990 which are given in this. table. The BLS has* not projected -
figures for 2000 F1gures for 1990 and 2000 are reported as a range from low ‘to high.
dEntries for 1963 1977 are from [U.S: Department of Labor. 1930]. The range of pro~'
jections for 1990.-and 2000 are based on the most recent population estimates summariz-
ed in [U.S. Department of Commerce, 1932b] and rates of participation in the labor-
force of the portion of the populat1on over age 16 [U.S. Department of Labor, 1982a,‘
Appendix C}. The lowest projection, for example, is calculated from the lowest part1—
cipation rate. and the over—-16 portion of the lowest population project1on. N

7 | . ‘ | ] | . .
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of "business" employment (as defined in note 'a') to civilian labor force projected by“




Projected labor requirements under Scenario $3 for 1990
. fall at the upper limit of the BLS based proJection of 124
million (and the latter assumes an exogenoue unemployment '

l

ra:e of about 4%).

Looking further into the future, if the civilian labor

force projections reported in the table are'accepted,10
the proJected labor requirements of 156 6 million under
Scenario §3 for the year 2000 exceed the available labor.
force (because even a maximum ClVllian ‘labor force of 157.4

4

million must allow for public administration, household

workers, and some multiple Jobﬂholders) Thus the rate of
‘growth in final demand that‘has been assumedlunder-Scenario
253, based on BLS‘projections, could not be achieved through
only those aspects of technological’change that have been
represented'in this scenario. | T
The fourth scenario, S4, was'formulated to'assess what-
Ifuture‘rates of growth of final demand could-actually be
attained within the‘constraints of ‘available labor, according
to current labor force proJections, and under the technological
aeeumptions of Scenario S3 For Scenario S4 we progressively
reduced the level, while maintaining'the compositon, of
“£inal demand prescribed by Scenario $3 for 1990 and 2000
(and accordingly also for years between 1980 and 1990 and

between 1990 and.2000). For each sequence of final deliveries:

| up to the,year'2000; the corresponding labor requirements A

100n the accuracy of such proJections, see [Keyfitz. 19811
and [Fullerton, 1282]. . _ .

4%




_ were computed. The'procedore was repeatedeuntil the compoted
labor requ1red for 1990 and for 2000 fell within the range of
labor force pro;ections reported in Table l. 5.‘ Of course,‘
with additional 1terations one could ensure closing in on

i

a prescribed level of final demand tnat would result in )
.any specific labor force proJection (e.g., the midpoints-"
of the ranges shown in Table 1. 5). Some results of Scenario
-S4 are presented in Tables 1 4 and 1.5/, _

When the value (in 1979 prices) of final demand--excluding
'1nvestment--under Scenario S3 (based on BLS proJections) is
reduced by 4.4% in 1990'and 16.8% in 2000 (compare Scenarios 53
and S4, Table 1. 4), the aggregate employment requirements under

Scenario S4 fall within the range of the proJected 1abor force

(Table 1.5). Because overall economic activity is lower under

Scenario S4 than S3, there will be .léss investment. For this

reason the percentage reduction in the demand for labor as

compared to that of Scenario S3 is even greater than that of

final demand. For any given year, the occupational composition

of employment turns out to be'virtually.identical under Scen-
3

arios $3 and 84, with a lower representation under 54 of

*

thOSe engaged particularly in the production of capital

L

goods, for examﬁﬁe, craftsmen represent ‘14.7% of the emp;oyed

in 2000 compared to 15.0% under bcenario_SB.11 -

L]

lltp fact, all three scenarios, sl, s$2, and S3, were-
recomputed with the new final demand projections (S84 is the
one of the three corresponding to the technological assump-
tions of $3). All of the observations made earlier in thisl
chapter comparing the .results of Sc¢enario 53 to S2 and Sl -
hold with the new, as well as the original, final.demand pro-
jections although the actual figures are of course different.

“

/', : 4,
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Under Scenario S4, per capita final deliveries.grow at
about 2% a'year through'the 1980's and between 0“5-1.1%

through the 1990's.12 This is.an estimate of the extent to -
. - ' . + . A T TR T -
which real per capita’' consumption wil; be able to increase .

over the next two decades if the entire projected labor

force is employed u51ng the progressively phased-in computer-
based technologies. F1gure 1. 4 .summarizes the differences

in oostulated aggregate ‘final demand- and resulting levels of . A

employment betweer Scenarios S3 ‘and Sd.

“Based on the findings*preseﬁted in this report;'it is

4

not yet 90551b1e to pass a final verdict on the questlon oE

technolog;cal unemployment by the year 2000.f Technologlcal -' | -

1.

changes taken into account in the, four scenarios described
in it have been limited to computer-based automatioh. " To arrive'

at ‘a verdict, it w111 be necessary to ascertain by means of
) BN

equally detailed factual inquiry and to 1ncorporate into the
techn1ca1 matrices used in these. project1ons other types of

change that are bound to take place, for example in agr1cu1ture

o

.and "in the subst1tut1on of mater1a1s--like.plastics_ﬁor

metals on the one hand and for paper on the other. Moreover,
. " ! " *

we have exp}icitly excluded from ourlscenarios any major B -

—_— 2 N . ' ’ .
If Figure 1.2, showing 'investment as a proportion of total
final demand, were redrawn for the three new scenarios, all
three.curves would be almost flat after the ‘late 1990's. ,
- The lowering of ,final demand has this effect since most new

capital is ‘introduced when.capacity is expanded:.

12rixéd final deliveries are combined with high-growth and
low~growth population projections. Thus the 1.1% rate of growth
of per capita final deliveries corresponds to the low population
projection, and 0.5% to the high popukat1on projection.
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1.4. Growth in Final Deliveries and Employmentb
under Scenarios S$3 and S4, 1963=2000 ‘

(1963 = 1,0)

Final Delivefies,a
' I'Scenario s3

Fina].‘De'liveri_e_S.él _
Scenario sS4 .

Emp loyment ,P,C
Scenario S3

Empioyment, Scénario S4

Scenario. S3 -

---= Scenario 5S4

1963 1967 1972 1977 . = 199

+33ee note a, Table 1l.4.

i

Psee note b, Table 1.5.
CHashed lines (=), show range of empioyment projections

based on official sources. The range for 2000 assumegs
the same employment to civilian labor force ratios as

giver in Table .1.5.for 1990.

e ' - :
source: Final Deliveries, Table l.4. Employment, Table 1.5.
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break-thrdughs in computer technology that might affect sig-

nificant numbers of workers before the year 2000. While it
is likeiy to Se:at,least twenty ye&fs_béfore'products‘embodying
fu;ure break-throughs ;ﬁ ;reas,sudhfas auﬁpmatic programming:
speech recognLtioﬁf or. robot vision'are actﬁallyAadopted on
a large scale, sb;é surprises. are éertainly possib#ea
The greét industriai-revolution inaugurated by the intro-
duction of'mecﬁanical'power centinued to pransfofm western
eéonomies and socie;y‘err-a pe:iod:qi some two hundred years.
Tﬁ;.electronic fevolutioﬁ.pecamé visible only a few years ago,’
'anq,bg_the'gear 2000 it will be not more gdvéncéd than the
pgchanization of European economies had advanced by, say,-
the year 1824. , |
A major consideration in realizing the-transitiéﬁffrém
the old to new technologies will be the-availability of
.wquers with the tféining aﬁé‘skills thap match the work
that needs to bé dbne. According to Sceﬁafio 83, ;abof
requirements to satisfy a continually buylmodeFately increasing
standard of li§1ng will hﬁmber 124-mii}ion jobs fn 1990 with
the requiréd occupatiOnéllcomposi;ion, reflectiﬁg‘the tech-
nologies that will be iﬁ1p1acé,'given in Table l.1. Let us
_suppose“that-the:e ié,an adequate toté1_anber OE indiv%duals
to fill-ghese jobs, hut thaﬁ because of very slow cﬁénge_iq
the orientatiqnlof education, training,‘gﬁidance, and so |
on, these individuals' skills and occupational eipeLtati@ns
will reflect the mix of jdbs that corresponded tg Ehe - tech-
nologies that were. in place in iQ?B-[also shown in Table'i.l{.
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Under these assumptions, 744,0000 managers (0.6% of 124

million), and over five miilion clerical workers ﬁduld be
potentially unemployed in 1990 while there wOuld be unfilléd
pOSlthnS (in the same total amount .under .the present simple
assumptions} in the other aggregate occupational categories.; .
Of course someldf those seeking managerial and clerical .
emp;OYment would be able 'to find jobs of ogher kinds bdt_with
obvious limitations on the degree of job mobility.

- The same considerations apply within each broaqlogcupa-
tional category. Among pfofessionals. for example, the IEA
employment projections ﬁdr 1990 show a greater proportion of
~engineers and especially of'compﬁtef specialists than in,1975.
gmong skilled workers, the projecﬁions inblﬁde a higher prﬁi
pﬁrtion of foremen and produétion'mechanicé and a lower propor-—
tion qE construction and metél-working'craftgggn Fhan in %978.”"

The crude experiment describgd above pro;ides of cogrsé
only a very rough approiimation of the‘ability of thg future
labor force to fulfill'épecific jab requirements. An édequate
evaluatlon will requlre comparably detalled analys15 of the
future structure of households and the Job-related attributes
of their members. 'This has not yet been carried out.

. Concerted'efforts in eaucatidn and training can facilitate
this shift in‘the_occupatidnal composition of the labor force. |
Scenario $3 requires that the produétion'of electronic educa-“

t fonal courseware Jgrow in real terms at over 35% a Year_ih
‘the 1980's and ovéf 10% in tﬁe 1990's. (The uﬁderlfiné

assumptions about the use of computers in education are
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2

discussed at length in Chapter 3.) In the past, higher.

levels of "gonventional" edﬁcétion in the ﬁ.s.‘relativé to

other éountries also playeq a—ke}:pdlg in the successﬁﬁl
transformation ?E bur labor Eof;e from mainly agricultqpal
wquprs,inﬁo a widevrapge of other occupations., Aé was tﬁé q
case in the past for conventional édu;atipn,.the'growth and
guality of computer}baﬁed.edybatioh an& itBldelivery will no
doubt become an item of government policy and corporqte‘and
trade union stratégies.‘ o C

_This study has taken'a first syétéﬁatic_albeit partial
gléncé at érospects for emplofmeﬁt for almost twenty fgafs
into the future, a significant lengthening of the usual time
horizon for economic inqﬁirfa With the'feas;bility And '
fruitfulness.the approach taken' in this study, now hogefﬁlly
demonstrated, we need to %xténd and imprdvg the secﬁor studies

=

' on which the scenarios are based and investigate the -impacts

2 A

on the distribution of income implied by the technolbgical
assumptions (see [Duchin, 19%4]). It will afso be necqssary}
instead of taking final deliveries ‘as giveﬁ, to formulate and'

implement a completely closéd'dyna@ic input-output model in

which consumptidn and employment are determined_simultéﬁedhsly;_"
) . . ! » i - . ‘
These are some  of the next steps in our agenda, -

In the meantime,. the Eraﬁework developed for this study
can profitably be used to investigate numerous cripical
‘econbmic iscues which have until now not been subject to

*

systematic inguiry.
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" mined by its detailed technical reguirements, represented in

‘Chaptef 2, ,Dyﬁamic Input-Output Model

A, Introduction : - .
Virtpaily all of the empirical work to'déte making use

of the input-output (IQ) approach hés been carried out within

the context of the static model in which the levels of all

categories of final demand are exogenously fixed.l The

static I0 model, through the matrix of technical coefficients,

‘A {or the soc-called Leontief inverse, (I-A)‘}), represents

the interdependency among all the producing sectors of the
economy. Any set of outputs computed on the basis of this T
matrix will be consistent with respect to the lebels’of- | '
activity of.all individual sectors at any given time.  These
properties account for the freguent use of the static 10 model.

The objective oflthe dynamic IO modei is to extend these
properties to include the determination of the sectoral
production-and aécumulation of capitai goods. E§éh sectd;'s

deémand for capital goods per unit of its own output is deter-

the capital coefficient matrix B, The model frgmewopk

imposes intertemboral éénsistency between the specific capital
items produced and delivéfed‘in one period and increments

of output that in subsequent periods will be availéble,fﬁr

use, Studying and extending the properties of the dynamic¢

lone noteworthy exception is the World Model [Leontief,
Carter, and Petri, 1977), which takes some preliminary steps
in "closing” the model for Elnal demand.

»




2.2

- 'Y
model is at the present time bnelof thg mo#t active afeag of
theoretical input;output reﬁearch. -

The formal dynamic model has never been impiemented_for
two reasons. First, the data requireﬁents are very exiensive
(as illustrated by Chapters 3 ﬁo 5 of this report). But more
fundamentally, the implemehtation of,existing formal models
woulq produce impladsihle results. - Thi§ chapter déscribes
the characteristics of the dynamic 'I0 model, iﬁdic&tes the-
nature of the difficultiés, and presentg the formdlation‘

" sucessfully implemented for this study.

3

B. Historical‘Development

The first dynamic inpﬁt-output model was formulated bf
' ‘Leontief in 1949 [Lebntief, 1953]). He represented investmehp
as |the rate of change in required capital stocks, with a
vector differential equation of the.forﬁ -

X'= AX - BXx =y (1)
where x is the vector of outputs, A is the matrix of input
requirementé on current account, 3-15 the maﬁrix of capital-
regquirements, énd'y is the vector ,of non-investment final demand.
;eontief eiﬁibited the form of thégsolution of Bquation (1)

in the case where the componehts of y are exponentials-

[Leontief, 1953, pp. 59-65], and in:{Iverson, 1954] for the first

time actﬁal‘parameters werelémpirically estimated in numerical
solutions of such systems of up to 21 differen;&sl equatioﬁs‘
. descaibing the U.S,., -economy in terms of 21 inter-related secEPrs.-
Leontief eventually formulated the model in terms of a

diffefénce equation with dated technical matrices reflecting
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2.3

structural change in the economy [Leoutief. 1970]
. A - Atxt - Bt+1(xt+1-xt) = yt. ‘ (2)

nEquatlon (2) is 1ntended to be solved for the set of ‘vectors

i -
AN N o

of " outputs, consistent with the, given t1me sequence of tech—

’ *e

n1ce1 matrices and final demand requirements. -In theeretlcal- e
work Ehelsystem is "closed,"” i.e., househqlds‘are treated as -
a “produc@ngisector“ and consumption'as its_?technelbgically-

determined” input vector. In addition; it is aseuhed that

no technical change takes place. Under these circumstances,

Equation (2) reduces tos . ﬂi : : _ .
; xt - AXxy, - B(xt+1-xt) = o. ;' (3)
A minimal cond1t1on for .an economlcally mean1ngful
solution is the existence of a set of nonnegative vectore
of output x; satisfying EqUation'(B).‘ It is well known
thet whenlthe model is solved forward in time, a_eet ofi”
nonnegative solutions exists only if the iﬁitial conditions
lie on the so-called ”balanced growth path:“ condltlons for
the existence of a balanced growth path are d1scussed 1n‘
[Szyld, 1983]. Actual values for initial conditions w;ll
rarely exactly satisfy this constralnt. - |

‘The fact that negatzve outputs. will typ1cally be gen-

jerated follows from-the.1mp11c1t ;equiremept in Equations (2}

“or (3) that the entire physical productive capacity be utilized

(i.e., full capacity utilizatien); which involves.both perfect

2The stock is-said to be reversible if capital in place
but not in use in a particular sector is freely transferable
to other uses within the economy. This occurs when elements
of (Xp+1—-Xg)-Or X in Eguations (1)-(31 are negative.
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foresight of futqﬁé stock requlrements and’ the reversibility“2
of the capltal stock- To assure. the 1rrevqrsib111ty of
capital already in place,-é mq}tlﬁphase progess _was‘suggested
[Leoﬁtief, 1953] according tO'which capitél:stocks are in~
creased only wheh output grows. -In LUzaﬁa, 1956] this'prodess
was represented by replacing the term=ﬁi in Equation (1) by
B-max(i}O): Uzawa was able to prove'ﬁnder certain
conditions the existence of “solutions to this foSﬁulation of
the éyn;hic model., The fntroduétiph‘pf this'hanltnearity
amounted to alloQing‘fpr unused capatit& when outDJt is f&lljng.
wﬁiie thiﬁ approach appeared promising, Leontief and othéts
fLeontiéf, 19;5: Dorfman, Samuelspn and Solqw,-1958}, wete
concerned about'possible contradictions .in switching between
this regime when oﬁtput is falling and the full capacity'-
utilizatiOn required when output is rising. This potential .
pfoblem is not eficountered if one (realistically) abandons
the requ1rement of full ‘capacity utillzatlon even when output
.18 gr0w1ng, but then the model must provide for the determination
. of a particular, sectoral pattern of capacity utilization. u
This 1s the approach taken in the present formtlation.
wé assume that the éffective expaﬁsion of a sector's
capacity may require séve;al time periods, iﬁ which case
expansion pléns must belﬁormulated and their imélémentdtion
begun this amountfof timé in advance.. The amount of planned
expansion depends upon future séctotal production as anticipated
when the plan is formulated. Once in place, the plan ish
adﬁered to even if tpe sectoris circumstancet'chanée.- If

adequate capacity is dlready in place, no expansion plan is

™
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2.5
. ) ‘ -. -
implemented., These assumptions are explicitly represented
in the following section, ‘
Another difficulty that arises in solving Equations (2) or
(3) for xp+) in terms of x¢ is the need to invert the capital

matrix B. While most theodretical work is carried'ou: at a

highef level of abstraction in..which it is"aSSuméd”Ehat the B

matrix is invertible, the fact is that the matrix is invariably
singulaf, with?rp?é of zerés,corresponding to gectorslthat do not
~produce durable‘(or étocﬁable)'goods. It has prerd,p§ssible
{under certain assumptions) po"solve thé sfsﬁem within the balﬁ
anced growth framework éeSPité the éinguléfié?'bf'EHETB"mé?iTET'm“'_
(Livesey, 1973 and 1976; Lﬁenbérgé;;and Arbel, 137?;'Meyer,‘1992]$
but these reshlts have not Been used to solve empirical problems
in pért because of the 6ther difficulties described éaﬁlié;,
such as the. assumption of full dapacity utiiizétion.._$olutions
to the. model wé have”dévised.are obtained at each'time step
withoui requiring the inversion of'the éingular B matrices.'
Implicit in the formulatlon of Equatlons (2) and (3) is
the assumption that the Capltal ‘goods needed’ to increase a'
sector's productive capacity between periods t 3nd t+1 are
produced: duriﬂg éeriod t. The algebralc representatlon of
different gestation perlods for dlfferent cap1ta1 goods was
introduced by IJohansen, 1978] who also demonstrated the
exis;encelof a balénced growth ﬁqth solution for the model
he'ﬁreSented, without technological‘éhange. The question
Wwas further studied. by [Aberg and Persson, 1981], and a

similar concept had been used by {Belen'kii, Volk0nsk11,




l

and Pavlov, 1973-5] aﬁa [Volkonskii, 1§75-6]. Ou}'fofmplation
also allows for dlfferent lag structures. -

As 1n the statlc model, a dual price equatlon can be
~written for the dynapic IO model; the price system is not
treated in this report. |

Al

C. Model Developed for This Study’
Our objective was to design a dynamic input-output model
to study the effects on labor requirements in the United

States of ,alternative scenarios oE‘technological-cﬁange

" between 1963 ‘and 2000, Once a model of E55“E§Eé“?5§56§§ﬁféd";
by,Equatlon (2) is: solvédjfor the vector of outputs for
period t, x(t),3_ the vector of" emplOyment requ1rements by
chupation is easily obtained.

In the present formulation, the investment term in

Equation (2) is replaced by expressions formulated in accordance

with the following considerations:

Once .capacity is in place, it need not be
fully utlllzed and is not reversible,

L1 .
In'each time period, expansion deécisions are
made for each sector based on recent past growth
rates, and capltal goods are ordered.

Some capital goods must be de;ivered several .
periods before the new facility of which they are
part can effectively add to thé investing sector's
capac1ty. : '

3In this section of the-chapter, time is represented by
the letter t in parentheses rather than as a subscript. We
reserve the use of subscripts to denote the specific components
(e.g., sectors) of a vector. Equation (2), for example,
becomes x(t)-A(t)x(t)}-B{t+l)[x{t+1)=x{t)]l=y(t),
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Replacement investmént is ex911C1t1y represented,
separately from expansion. -

&

We introduce two addltlonal (vector) varlables.
%

e(t) output capaC1ty dur1ng period t

o{t) increase in productlve capaC1ty between periods
— - ' : tlandl‘. _
- and we define c({) - cl{t~1l) + o(t). "If for sectOrli}‘ci(tj > xi(t),
| capacity is'under-utilized; if-ci(t) < xjl{t), it is_over-"
utilized.d o ’

A sector's future caﬁacity reguirements are projected

several perlods_in advanceq_lndependent_pf the capacity in

place.- For that reason we also 1ntroduce the vector c*(t) of

projected capacity requirements for (futuke) pericd k and

define the increase in capacity in sector i as:

0j(t) = max[0,c;(t)=c;(t-1))

Thus if cj{t-1) > c;(t) then o;(¢) = 0{-ne hew output capacity
is needed, and'ci(t)_=_cikt-l). 'Otherwise, the change in
'capacity} ©; 1s the increase needed!to achieve the projeeted
capacity requirement, c*. o : . _ : .
The investment term in periog k could now be written as
B(t+1)d(t+i): impiyingtthat inveetment goods redﬁiredqto
increase the capacity in period t+l are produced and delivered

one period earlier. 1In fact, we recognize that different

~

40ver- and under-utilization are relative to a presumed
state of exactly full capacity utilization. Base year rates
of capacity utilization are Spec1E1ed in the initial conditions
(see Chapter 3), and the concept in the model feollows whatever
interpretation is used in their derlvatlon. .
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types of capital-doods may have to be delivered two or more
periods earlier. we denote by tij the lag between the
period when a capital item is produced (by_eector i) .and the
. period in which it effecpively'adds to the capacity of ;
.sector j and by tj‘the_maximum lag for any capital good )
' required by sector j, i.e., 15 = max Ttij, |

Planned capac1ty ‘expansion 1; sector 3 will require Ti
perlods ‘for 1its realization and thus w111 need to be formulated
at least T periods 1n,edvance. For the present study we make

~the provisional simpliEYing aifumptions that tij'and Ty ©

are the same for all capital-using sectors j. Following

[Johansen, 1978, p. 515] we denote "as t{ the lag for .
capitel goods produced by sector i and T.,® Max Tj.
The investment term now becomes

BO(t)o(t+e)
6=1 '
where the ijth entry of B%(t), beij(t). is the amount.

of capital produced in period t by sectorﬁi to increase the

capacity of sector j by one unit in_period t+8,5 . Of’couréeq

b8.:(t) = 0 for & > 1.

ij N
In the present formulation future capacity reguirements,
c*(t+rt) planned T periods in advance, are assumed to be de-

termined by recent past changes in sectoral ohtput. In order &

SThese capital coefficiént matrices B%(t) are re;ated
to B(t+1) of Equation {(2) by

B(t+l)= Z BO(t+e-1).
g=1
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" prevent excessive éxpénsionﬂplans in tiﬁe of rapid growth,
'likely to be followed by"a lohg period of uﬁderutilizat;on,
a sectbr-sp;cffic ﬁaximum‘adm;ssible annual raté.of expansion‘
- of capacity, &, is imposed.,h(Onlylthe sector'slexpaﬁsion
inveStmeqt‘;nd not its output is potentiaily constrained

by 6§.) This results in the following expression:
. .xi('i:-‘l_)+'xi('te2).?+ - ,
cj(t+r) = max. |1+6;, xj(t=1). (4
xjlt=2)}+xj(t=3)

‘We can now write the whole' model ;nd solve for x(t) for
each per{pq)from to thfoughlgﬁe final period tf. The. initial
cond;tiongﬂmust spepi}y values for -

é(to) 9
x(t), t.= tg-3,...,t0-1
Given these initial cohditions, we compute c*, o, and ¢, in that
order, for periods to+l through tg+t-l. .Fdrbéacﬁhperiod
in turn (t = £g,..., £7) we first solve for c*(t+1) using
(4). Then wé compute the future additions ‘to capéc%ty
o(t+r) = max [0,c*(t+t)-cltér-1)] (5
and we updaté the capacity, |
| clt+t) = clt+r=1) + o(t+1). _ (6)

-Réblaceﬁent investment is represented as

R(E)x(t)

where the ijth entry of the replacement matrix-R{t) is the

amount of capital goods produced by sector i that must be replaced
‘ \ L
in order to produce a unit of output of sector j during period t.

We can now solve for x(t) from N .




T : -
[I-A(t)=R(t)Ix(t) = 7§ BO(t)o(t+e)+y(t). (T
. a=1] . .

’

+

(Inversion of the B matrides 18 clearly not at issue in this .
. formulation.) Thus Equation-{2) has been replaced by Equations {4=7). «
Finally, labor requirements by occupation during period k are

obtained as . ‘ : o
_ e(t) = L(t)x(t) ‘W _ (8)

where the gjth element of ﬂ(t) is the amount of labor of
occupation g required to prbduce‘a unit of oﬁtpu% oflséctor 3
during périod-t.
" D. Data Requirements
Most of t@e data required. to implement éhis model, for
empiricgl inveégigation, are presented and doéumented in the
appropriate chapters of this report.
‘We know of no’syégematic empirical work on the lag,- by
item of physical capital, between the timé it is delivered
and when it becomes productive. In all the computations .carried
cut for this report;-we'ﬁave assumed a maximﬁm lag t=3‘in ofder
to permit a‘prude distinqpioh among blant, ﬁajor equipment, and
capitélizdtiéﬁs chat are-likely to be puﬁ into production shortly
Iafter‘delivery. Table 2.1 shows thellags,‘fi of from 1 to 3 )
périods assigned to the different capital-producing sectors.'
They are very rougﬁ estimates and in future work should be
based on empiricgl investigation. = |
The éectoral ceilings oﬁ annual anticipated rates of real

growth of output {é;}, whlch are used in the detenmination

of future chpacity (but do not dé%ectly constrain the Sector S

-
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Table 2.l1.. Sectoral Lags

"

Sector

Constructlon

Ordnance’ and Accessories

. Primary Iron and Steel Manufacturing
Primary Nonferrous Metals Manufacturing
Heating, Plumbing and Structural .Metal Products
Screw Machine Products and Stamping

Other Fabricated Metal Products

Engines and Turbines

Metalworking Machinery and Equipment

. Special Indystry Machinery and Equipment
General Industrial Machinery and Equipment
Miscellaneous Machinery Except Electrical
Electronic Computing and Related Equipment
Service Industry Machines
Electric Industrial Equipment and Apparatus
Miscellaneous Electrical Machinery and Supplies
Scientific and Controlling Instruments -
Optical, Ophthalmical and Photographic Equipment
All other capltal-produCLng sectors

°* A

dThe lag for IEA #50, Electronic Computing and Related Equlpmeﬁt,
is 2 Erom 1963 to 1969 and 1 thereafter.

]

future growth), are shown in Table 2.2.° For most sectors
that ceiling is assumed to be 5%, potentially limiting expansion .

investment so that at full capacity utilization, real output

capacity four periods- ahead will be no more than 21.6% higher

»

than output in the current period. (The model pefmits
more than "full" utilization of capacity, however.) As
shown in the table, twelve sectors were assumed to operate

with higher limits on ant101pated growth for purposes of

capital plannlng.




Table 2.2. Maximum Annual Anticipated Growth Rates
for Projection of Future Capacity Requirements

“

.Béctor . Real Rate of Growth

Electronic Computing and 20% (15,12)%°
" Relatéd Equipment - '
Office Equipment, except , 15
IEA #50 : - _ ‘
Eléctron Tubes 10
Semiconductors and Related . .15
Devices "« '
Other Electronic Components, 7 15
nec _ . '
Business Services . ' - .10
Hospitals ' 7
Health Services, excludlng L 7
Hospitals .
Educational Services . 7
Robotics . . : 15
Instructional TV s . 20
Computer-based Instruction ) 20
All other : 5

s . . o . - .
2 The maximum rate for IEA #50, Electronic Computing and

Related Equipment, is 20% from 1963 to 1969, 15% from
1970 to 1279 and 12% thereafter.

L]

r

By decoupllng actual output from productive capaCLty and -

in- addltlon reflnlng the representatltlon of lnvestment ln several

)

ways, the dynamic 1nput-output model described in this chapter
provides a suitablée framework for empirical anél?sis. The Appenaix
.contains the graphic results of the analysis described in

this report.
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Chapcet 3. Data, 1963-1980

A. Introduction

1

The dynamic model which is described: in Chaﬁtér 2 reqguires

extensive data on production, capital and employment by iqdustry.

Most of these data are made available in various publications
by the Department of Commerce or the Department of Labor.

The basitc sources of information are the IO studies pub-

lished for 1963, 19v7 and 1972 by the BEA,-in ‘the Department of

Comhgrce‘lﬂ.s. Department of Commérce; 1969, 1974a, 1979]. The

10 table for each‘of‘theqe three years deééfibes‘the flows of )
commodities produced and consumed by each industry and the
commodities absorbed-by Qiffefent final usest privaﬁé consump-
tion, capital formation, government purchases and fbreign trade.
The. BEA has also pro&uced capi;él’flow tablés (6§T's) f&r 1963,

" 1967 and 1972 [U.S. Deéartment of Commérce, 1971b, 1975a, 1980]
which disaggregate tﬁe investment portioﬁ of final demand in the
corresponding -I0 table and show the flows of the differént fixed
capital goods to the industries which use them. The offiqial‘

10 study prepared for 19?7 by the BEA is not yet published, but

the BLS in the U.s.‘Department of Labor has made:avaiiabie a

'preliminary I0 table for 1977 [U.S. Department of Labor, 1982bl.
Price indexes for IO industries and several series on

sectoral capital stocks and flows'afe produced byltﬁe BLS

which has also prepared detailed océupation by:industry matrices‘

for 1960, 1970, and 1978. Other sources of information which

have been used are described in the course of the chapter. -
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Thé1prepé;ation of the data required reconciling different
classifications and conventions among data sdurces and from
one IO study to the next, Some of the changes correSQOnd‘to,
an improvement in methodology. Others are éxplained by actual
changes in the_economyj"_technicgl_change,ﬁfgnmgxamplg4minunlggsﬂm;_m__

the appearance and disappearance of certain commodities and’.

the industries which produce them. When it was poséible, we

fried_Lo;Lrathorm_Lhe_earliest_data_LQ_cQnfQrm;uiih_the_lahgan_____f
conventions. Differences and incompatibilitieg among’ data
“soqrces are explained mainly-bf-the decentrélized approach
to the collection of g0vernmentxdata. |
The IEA model is computed ‘on an annual basis and is'hsed_
- to analyze the effects of technological change in the lohg-term.
Linear extrapolation was used to'produce matrices of coefficients
for the years between the benchmark years for yhich full detail
is available. | |
The changes required tolmake conventioﬁs_énd valuation
uniform. in the different IO studies are explained in éection'
B of this-chapter:--it includes also a presentation of the
industrial classification used in the model, the treatment
of imports, secondary pfoducts,land eétiqg and drinkiﬁg s
places, and deglation‘pf the data so that a11=magnituaes
would be expressed in lé?g_prices.
Section C.1s devoted tofcdmputations reqqiréd to obtain

the three matrices of coefficients A, B and R. Data for

initial conditions and control totals are described in Section D

followed by an explanation of the of data describing employment

-
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1]
by industry and occupation, in Section E. The description of

coefficent matrices for,l9?3-1930‘1n'8ection F ends this chapter.

.

B. Conventions and Valuation -

1. Sectoral Classification Scheme

selecting of sectoral and occupational classification schemes .

"

and reconciling the existing official data series into these

categories. This séctiqn describes the sectoral classification
scheme used in preparing'the A, B; R, and L matrices with
particular reference to the BEA IO am? capital,fiow tables
used in their preparation. _
The capital flow tableS'which enter into the cohputatioﬁ

of B and R matrices contain columns showing the détaileq_comﬁodity
co@posﬁtion of grdés,in?estment ih fixed capipal for .77 sectors. -

- The 1963 and 1967 BEA IO tables consist of 368 sectors
while the 1972 BEA I0 table and the 1977 BLS IO tables have
" beén further disqggregateé to 496 sectors. . Several BEA sector
codes-do not appear at .all in our classification. These '
include so-called Speéial Industries (Government Industry,
Hduseholq Industry; Rest of the Wofld Ipdustfy, and Inventory
'Valuatidq‘Adjustment) wﬁich contain only the value added.
portion of the corresponding final demand sectors. The

*dummny" industries reflect the secondary production of certain

goods and vanish when the industry bf industry'table of -

transactions is calculated. Noncompetitive imports (explained _

pelow) are treated as external to the transaction table and

‘are included in value added.
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The industrial classification of the BEA IO tables is

based on the Standard Industrf Classification- (SIC). The

SIC: was revised between 1963, 1967 and 1972 (described, re—

spectively, in the SIC mandals of 1957, 1967, and 15?2,

LY

(U.S. Executive Office of the President, 1957, 1967 1972]).

wh1le the  changes between the 1957 and 1967 edltions were
mlnlmal, substantlal changes took place between 1967 and 19?2.

Most. sectors at the level of detail of the IEA clas51fication

were unaffected, hOwevet, and ambqg those that were affected,f
we were able to ascertain that the impactthS'smal‘ by comparing
_ BLS sectoral outputs conforming to one SIC classi: :ation‘.‘

wlth BEA Sectoral outputs COnformlng to the other.“The dis=
crepancies were signlf;cant, hOweVer, for three sectors (IEA
4, Agricultural,.Fofestry, and Fishery Services; IEA #32,
teather Tanning and Finishing: and IEA #79, Aqtbmobile Repair
services). In the absence of further infsrmatiom, the BEA
representation for each benchmark Qear was maintained.

A major objective in determining the ssctor scheme was
to segregate those sectors likely to be major actors in the
production or adoption of automated equipment, llke computers
and semiconducteors. A detailed representati?n_oflthe |
impottant "gervice" sectors was desirable be;ause of their
large employment and intensive use of computers.

The sectoral cla551f1cat10n scheme for the IEA database
contains 89 sectors, including three newly emerging ones not®
yet included ihvoffitial eata series; tﬁe Elassification scheme

_is shown in Table 3 1. It follows the 2-digit BEA classification -

—,......- ..é_-“'—'\.a ) -




Table 3.1, IEA Sectoral Classification
~and Corresponding -BEA Codes

-

L |
Description of Sector

(el
Oom
. Q.
o]

WO~ s LN =

[T LCivestock—and-Livestock—Products
Other Agricultural Products
Forestry and Fishery Products :
Agricultural, Forestry, and Fishery Servlces
Iron and Ferrocalloy Ores Mining
Nonferrous Mgtal Ores Mining
Coal Mining™ ' =
Crude Petroleum and Natural Gas
Stone and Clay Mining and Quarrying
Chemical and Fertilizer Mineral Mining
Construction ‘ ;
Ordnance and Accessories
Food and Kindred Products
Tobacco Manufactures . ' _
Bread and Narrow Fabrics, Yarn and Thread Mills
Miscellaneous Tekt1le Goods and Floor Coverings
Apparel
Miscellaneous Fabrlcated Textile Products
Lumber and Wood Products, except Containers
Wood Containers
Household Furniture
Other Furniture and letures
Paper and Allied Products, except Containers
Paperboard Containers. and Boxes .
Printing and Publishing
. Chemicals ‘and Selected Chemical Products
Plastics and Synthetic Materials
.brugs, Cleaning and Toilet Preparatlons
Paints and Allied Products
Petroleum Refining and Allied Industries
Rubber and Miscellaneous- Plastic Products
Leather Tanning and Finishing
Footwear and Other Leather Products
Glass and Glass Products
stone and Clay Producéts
Primary Iron and Steel Manufacturing
Primary Nonferrous Metals Manufacturing
Metal Containers. ' .
Qeatlng, Plumbing and Structural Metal Products
. Sgrew Machine Products and btamp1ngs

W
el 'y
W
&

(continued on next page)




.Other Fabricated Metal Products

Engines and Turbines

Farm and Garden Machinery

“Construction and Mining Machinery
Materials Handling Machinery and EqUJ.pnent
Metalworking Machinery and Equipment .
Special Industry Machinery and Equipment

General Industrial Machinery and Equipment
Miscellaneous Machinery, Except Electrical
Electronic Computing and Related Equ1pment
Office Equipment, Except IEA #50

Service Industry Machines

Electric Industrial Equil,;ment and Apparatus
© Household Appliances

Electric Lighting and Wiring Equ1pment
Radio, TV, and Communications Equ1puent
Electron Tubes

Semiconductors and Related Devices
Electronic Components, nec.

Miscellaneous Electrical Machinery and Supplles
Motor Vehicles and Equipment

Aircraft and Parts )

Other Transportation Equipment

Scientific and Controlling Instruments -
Optical, Ophthalmical, and Photographlc Equ1pment
Miscellaneous Manufacturing

Transportation and Warehousing .
Communications, Except Radid and TV

Radio and TV Broadcasting : :
Electric, Gas, Water and Sanitary Serv1ces
Wholesale Trade '
Retall Trade

Finance

Insurance -

Real estate and Rental _ '

Hotels, Personal and Repair Services exc. Auto
Business Services ~. .
Eating and Drinking Places

. Automob11e-Repa1r Services

. bmusements

Hospitals

Health Services, excluding Hospitals
Educational Services

Nonprofit Organizations

Government Enterprises

Robotics Manufacturing

Instructional TV

Computer-Based Instruction

Public Education

51.04
51 except 51.01
52
53

54

55

56
57.01
57.02
57.03
58

59

60

61

62

63

64

65

66

67

68

69.01
69.02
70,01-.03
70.04, .05
71

72

73

74

75

76

77.02
77.01, .03

(final demand
column)




with the, following exceptions. The BEA sectors for new and
C/ . . : :

maintenance gonstruction were aggregated into 'a single con-

- . ' i . » -, !
struction sector: and federal, state, and local government

enterprises were likewise combined into one IEA sector. On

t:helo-trher—ha‘r_r'rde'EA—#-S-l.,—‘ﬂff'i-ce, Computing;—and—Accounting
Machines, was split.ipto two sectors with computeré.separated
from other office équipment. BéA #57, Electronic Components
and Accessories, was spiit into ﬁhe rabidly growing Semicon-

~ductors and Related Dévices, Electron Tubes, and the remainder.
Trade was :c}ivided into w_holeusale and retail, .and Finance and
Insurénce are shown separately. éEA #77‘was‘subdivide& into
Hoséitalsr Other Health SerQices, fducational Sérvices, énd,
Noﬁprofit Organizations.q.in butnscheme, purchases.bf pesidene
tiai real estate are taken out of the capital-matrices and
put int&-final demand because,ﬁhe déménd-for thi§ investment
is not directly deterﬁined by the productive requireﬁépts of
the ebdnoﬁy. Public Education and Health are treéted as

producing sectors thch sell to final demand.

2. Imporkts N - N
. G ' N

The U.S. IO tables make a distinction-between imports
thch are comparable with domestic ptoduction and those
‘which do not have any eqﬁivalent'produced inside the U.S.
The first are called‘qomparable imports and the second,

" noncomparable.

The treatment of noncoméarable imports does-not present

aﬁy particular problem as it is identizéi/in the four IO studies

(1963, 1967, 1972 and 1977) where noncomparable imports appear

T N '
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as a row.

The tfeatmen; of comparable imports Ehanged between the
earlier IO studies {1963 and 1967) and the later ones (1972

and 19??), in the present work we have adopted the'convenﬁidns

uSﬁa“fdf*EHE*rgiz—study‘énd'modifiedﬁthemigﬁs—and*&@ﬁ%—&ables

to match these conventions. after showing the differences
in the two treatments of imports, we describe the procedhre
used:to modify the transactions tables, the final demand

tables and the capital flow tables for 1963 and 1967.

In the 1972 and 1977 IO tables, the total output of each

industry measures doméstic production and exc;udes imports.
Consistent with this approach, imports are shdwn as negative
entries in a final demand column. Since their valuatioﬁ |
must be comparable with the producers' prices used for the
domestic broduétion of the same EOmmodity,'COmparable

imports are measufed at domestic port value, which includes
the external, usualiy transoceanic, margin required to bring
the commodity to the U.S. border and duty owed -on this import.
When the transoceanic transportation is provided by a U.S.
carrier, the margin is also shown as a positive entry in'tha
cell of the import column related to the transportatioh
industry. By coqvengaon, duties are also shown as a positive
entry in the cell of the imbor; column correSpOndiﬁg to the

trade sector (see Table 3.2). - .
For the 1963 and 1967 studies the BEA used a “transfer"
treatment of comparable imports for industrial use. Like

secondary products, imports were transferred to the industry

78
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3,9

whose output was comparablé. Therefore, there is an additional
row for imports; besides the one for non-comparable imports,
called "transferred imports." The total output shown for an

industry eguals its domestic output plus the - amount of imports
. -

Table 3.2, Cost Structure of imports

Foreign PO?émbaldg”““

Water transportation : Domestic

Air transportaion External or port

Duty’ . trankoceanic "~ value ,

Insurance margins _ Purchasers'
; value

Rail transportation

' . Internal

. . margins

Retail sales tax

+

sources (U.$. Department of Commerce, 1980, p. 22].

Transferred imports are shown at the foreign port value and
external margins associated with their éhiément‘are included
in the Trade, Transportation and Insurance rows.
Repllcat1ng the 1972 treatment of comparable 1mports for
lndustrlal use in the 1963 and 196? tables reguires three steps:
The domestic port value of transferred iﬁports is
determined by adding the external margins related.
to these shipments to the foreign port value of
the imports shown in. the table. ,
These values are 1néluded as negative entries in a

new import column ‘n the final demand part of the
table.
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In order to avoid double counting of the external -
margins, the total of each type of external margin

is algebraically.added to the cells of the new

import column corresponding to the "margin - industries."

The ne#urepresentation no longer includes a row for transfer~

+

Ired imports.

All imports consuﬁed by final users are allocated
directiy to final'demandiin the row containing “direcfly
" allocated imports"” (both.cbﬁﬁarablb aﬁd noncomparable) in
the final demand tables-and tﬁe'capital flow tables for 1963
and 196?;1 These purchases are balanced by a negative entry
"in the celi of this row corresponding to the column of net
exports. In 1972, comparable imports are combined with
doﬁestic goods in each final demand column and balanced by a
negative entry in the imﬁbrts column of final demand. To
make 1963 and-1967 CFT's comparable with 1972, aggregate -
.coﬁparablg imports for final users héve té be allocated
amony thg producing.sectors.

. Fdrtunatelyr the publications of the BEA related to the

CFT's for 1963 and 1967 [U.S. Department of Commerce, 1971,

'Y

1975a) provide information on imports of capital goods. We
assumed thac all imports for 1963 and 1967hﬁere imports‘of
‘coﬁparablé capital goods qnd.distpibuted all-imported commod—
ities like their domestic equivalentsy as the BEA did for
1972. The gbﬁal tmports of each capitai good was added as a
‘negative entry to the correspondiné cell of -the neﬁ imports

column in the final demand tables for 1963 and 1967.

80




NO attempqlwas.made to reallocate the imports absorbed by
- personal consumption,l which in any case accounted for only
about 2% of personal consumption expeditures. No adjustments
to the final demand tables other than tﬁoée described above

were requfraﬁ-for preseﬁt purposes. -

[3

4
1

3. Bsecondary Pfoducts

I

Even individual establishments frequently produce_two‘or
,.ﬁofe commodities: the main product is called primary and
any others are. considered secondary. FOE mény'purpoées it .
is desirable to represent secondary products as being produced
by the iqdustries to which they are primary; the fesulting d
industries-are defined in terms fof a single outhi. faqilitating-

a technological interpretation for the input coefficients.

N

The BEA changed its treatment of secondary-prdducts in the

=

i972 study. ‘
The method used by thé'ﬁEA in its 1972 study makes an
explicit distinction between industry and commodity and
involves the USE table which describes the' utilization of
difﬁerentlfommadities by the differént industries, and the
MAKE table which describes the produétion of different commod-
ities by the different industries. By conveption an industry .
is given the same name as its primary product. _
We‘combined the GSE and MAKE tables in order to make- an

'industry by industry representation, a choice influenced by

-
-
LY

_1Full import vectors Eor the 1963 and 1967 IO tables are now
being-  developed in the course of other Institute research.

&1
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[ . ! . .
availability of employment data on 'an industry. not commodity
orlprccess.-basis: A row of the resulting matrix shows the
utilization of the mix gf éomﬁbdities produced in thé‘g@veq
year by the corresponding industry; ’

To reorganize the IO data in this ‘way, we used the

-*

pattern of distriﬁﬁtion of different commodities as showﬁ in
the USE table. The information in thébMAKE table makes it

possible to éttribute_a ffactiph of the totél output of each
COmmodiﬁy to the indust;ies whiEh actually produce it. This
transformation assumes that, when a commodity is produced by

several industries, it is as if all users buy it in the same

-

proportions from the different producers;- These proportfons

are equal to the share of ' the different industries in the
- '\3 .

total production of that commodity.

a

The algebra of the transformation of a commodity by
industry to an industry by industry classification is the

following: ' . - “ :
T'—‘WU' " - !

where T is the industry by industry table, W is the coefficient

matrix obtained after dividing each cell of the MAKE table by
{ ' . - :

the correqunding column total, and U is the USE table. 'The

same transformation must alsé be applied to the final demand

o

columns and the CFT's. ‘
The method described above was used for 1972 and 1977,

years for whigch USE and MAKE tables -are available, For 1963

and-1967 we réconstructéd USE and MAKE ‘tables from publishéd

.data.




In the studies for 1963 and 1967, the BEA used a "“transfer"

approach, in which a secondary product is sold by the producing
industry to tﬁe industfy.for which it is the pfimé;y procuct.,
si;ce this sale is fictitiogs, the method overestimates
intermediate inputs for the "buying" industry.

Data aQailab}e {from the BEA dntmagnetic tape) for
these twb years show separately the direct allocation, i.e;,

.

the real transaction, and the transfer. A table containing

%

only direct allocations is conceptually identical to a USE

table. A table containing only transfers is comparable to a

MAKE Fable with empty cells on the main d&agonal.

To complete the MAKE table we reguired, for the main v
diagonal, the production of eac!: industry's primarylcommodity.
By definition this amoﬁnt is egual to the total produ@tidn

of that commodity less the amount produced as secondary

5

product by other industries., The total output of a qommbdity
‘is represented by the corresponding rows total of the USE

. table, The amount produced as secondary product by other
: i

industries is the column total of the transfer table. The
cells on the main diagonal of the MAKE table were filled

using this information, and then the procedure described

earlier for (1972 and 19?7} was applied to the 1963 and 1967

IO rtables.

-

Scrap anmd used and secondhand goods are treated as Y

secondary products. Since this category of godds is considered
' T,

a single commodity, every user.of scrap appears to use a

small amount of the‘pfoduction of every indus;ry producing

é;?
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’

scrap and hsed and secondhand goods.
- The numbgr of secondary prdduc;s‘idenéified as suqh in
the later studies is larger than in ghe'earlier ones, and we
have not éttembted to_resdive the.discrepanéy. In all other
respects, the methodology descriped above allows us to prepare

the inpu;fdutput tables for 1963, 1867, 1972, and 1977 such

that each treats secondary produéts in the same-wayt'

-

4. Eating and Drinking Places

In this section we describe the methods used to resolve

the_inconsistencies created by the lack of an Eating and

Drinking Places {(E&D) secﬁéf in the 1963 and 1967 I-0 tables.
prior to 1972 E&D (IEA #78, BEA #74) was included in Retail
Trade.as a margin sector. This meant that-i;s.input sﬁruc;ure
did not include the purchase of food, beverages and other

materials but only the margin costs of providing a service

(electricity, containers, etc.). Since.l1972 it is treated

as a separate, productive sector that transforms the product

it sells.

»

We have created an E&D row and column and - removed E&D

activities from other sectors for 1963 and 1967, us;ng the

following information:

° structure of E&D (column and row) in the BEA
- 1972 table |

gross output of E&D in 1963 and 1967 (provided
by BLS) - x :

industrial compostion of Personal Consumption Expenditure
by PCE category, in producers' and purchasers' prices

" (“bridge tables®) [U.S..Department of Commerce,
1971la, 1974bl}. : : '

[
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-Iﬁe BEA publishes tables of purchases of meals and

beverages for perscnal consumplion, shown for 1967.in Table

3.3. These purchases correspond exactly to perscnal consumption 

of E&D, which accounts for over three-fourths of E&D output .

and provides the basis for our E&D column.

4

Table 3.3 Purchases of Meals and Beverages Qut of Personal
Consumption Expenditures in 1967
(millions of 1967 dollars)

Producing Sector .
(BEA Codes)

Producer's

Prices

Transpor-
tation

Trade
Margin

Purchaser's
Prices

1 |Livestock and
| Livestock Products
2| 0ther Agricultural

$ 126

$ 9

204

339

| Products
3 |Forestry and
|  Fishery Products
14| Food and Kindred
| Products
27| Chemicals and Selected.
Chemical Products
69| Wholesale Trade
80| Noncomparable Imports

| ' Total

361
271
8,379
8

541

6
9,692

52

53

0
0
=1
302

628

392
13,230
2

0
12

1,042
716
21,795
s
541

19 -
24,467

Sou I.'&CB :

[U.5. Department of Commerce, 1974b].

While Wholesale Trade and Retail Trade -are combined in

Table 3.3, they need to be distinguished for the E&D column

since the first is a.cost

(i.e., an 1lnput) and the second is

now a part of the product.

Th'e 1967 Io sfudy provides the trade margins €for- the

agyregate deliveries of the sectors identified in Table 3.3:

g

these margins are shown in Table 3.4. In constructing the

‘E&D cdlumn we assume that Wholesale Trade is the sgmé proportion

of direct allocation as it is for the total sales of the

corresponding sector.
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Table 3.4 Distribution of Retail and Wholesale Trade Among Sectors Supplying
Purchased Meals and Beverages to Personal Consumptlon in 1967
‘ (millions of 1967 dollars)

’ ‘ ﬁﬂxﬂesale
Producing Sector Direct Ratail | Wholesale |Trade/Direct
{(BEA Code) : Allocation! Trade Trade Allocation

Livestock and Livestock Products| 18,112 4,264 1,581 - .087
Other Agricultural Products 37,562 24,927 6,136 163 .
Factory and Fishery Products 4,486 4,002 860 .214
Food and Kindred Products - 609,746 252,071 79,858 131
Chemicals and Selected ‘ '
| Chemical Products 5,046 | 2,135 321 .064

3

|source: [U.S. Department of Commerce, tape, 1974al.

L4

Fipally, total E&D output is available for 1963 and 1967

[U.S. Department of Labor, '1982a). For 1967 it'was.$341312
million or $75,138 million in 1979 dollars (the value unit
for thHe IEA database}. .

The E&D. column can now be constglcted. First, thc total

value of EsD output at purchaser's price is distributed

between the value of the product and transportation and trade

marglns accordlng to the porportions glven in the last row
oE Table 3.3; thf//ls shown explicitly in the last row of
Table 3.5. Then thc product is distributed among the seven‘
producing sectors in the- same proportions as-.in the first
column of Table 3.3: this is shown in the first column of
.Table‘3.5. The wholcsale component of the trade ma;gi;-is
estimated by applying thc ratios in the last column of Table
3.4 to tﬁe direct allocation in the:first columc of Table’

3.5. This produces an estimate of the retail trade margin

as the difference between the total trade margin and the total

wholesale margin. The retail trade portion is then multiplied

86 .
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by the input coefficient vector of the retail trade sector,
and these flows are treated .a%d additional inputs to Es&D.
The prices are now inflated to 1979 prices and easily assembled

into a column of input coefficients.

Table 3.5 Input Structure of Eatlng and Drinking Places
: (millions of 1967 dollars)

_ Whole-
Producing Producer's|Transpor—|Retail |sale
Sector Prices, tation Trade |Trade

(BEA Codes) Margin |Margin |Margin

| Livestock and .
| Livestock Products | ' 15

Sthe %ﬁﬂﬁ&yama‘
\J\.ll\-]. - -

Products - 83
3 |Porestry and Flshemy 1
Products . ' . 81
14 |Eood and Kindred - ' :
Products

27 jChemicals and
Selected Chemical
Products

69 [Wholesale Trade
80 |Noncomparabple Imports

Total ' , " 1(18,578)(1,719) 34,312
- L__W
20,297

H

The 1963 and 1967 E&D poeéficignt-columns constructed in
this way were rOUghiy comparable with the o&e'for 1272, .
except Eoé Crude Pétroleum_gnd Natural Gas, IEA #8. This
sector provided virtually no input into E&D in 1972 while
our construction :esultéd in a substantialjfyéw fo: 1963
; and 1967 which we set to zero in the absence of a substantive

explanation for a large input in the earlier vears.

TN
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The E&D sector is known to sell abouﬁ three-fourths bf 1 -

lts output to personal consumption. In the absence of additional

information,‘thqu;D rows were constructed by allocating the

remaining 25% of its optputJaccordingito the 1972 distribution.
Thé input structures of other.sectors~wefe adjusted to

be consistent with this treatment of E&D. No longer do they

.,

purchase food from thé@food stuff-producing sectors -and a
margin from Retail Trade; this now comes as a package from

E&D. TReductions in the affected inputs were made for all ;

purchasing sectors using the same information needed to

o [ e LI |
constTac T the—B&Ecolumts

5. Deflation
In order to represent all values in base year 1979 prices,
the daflatorscpfepared by the foice'of Economic Growth of -
the BLS were éelecteﬁ for the Edllowing reasons:
They are deflators of grosé sectoral output
(rather than value added deflators used 1in the
National Accounts).: -
They are 1ndustry deflators and.take into account
the product mix of the individual sector and its
change over time.
The classification follows closely the BEA I0"
classification and is available at a high level of
disagyregation (155 sectors).
To take full advantage of the det8il of the BLS deflators,
the final demand, transactions, and capital flow tables were
deflated at this level and then aggregated Eo the IEA 85-sector

classification: this step involved the reconciliation of

classification schemes. 1979 was chosen as the base year

because it was the latest year for which full price data

88




3.19

were available when this work was done. -

wﬁilé the BLS series shows almost no price.change in
Eléétrohic Computing and Related Equipment (IEA #50} ovér the
period 1963-1977, the business and technical literature sugéests
that the price has in fact been declining at least 10% a yeaf
on ‘the average. a similar pbﬁervation'holds for ngjconductbis
and Related Devices (IEA #58). The BLS deflators were replaced
by a 10% a year decline in price for both sectors. While

other official deflators may also-ovgrestiméte price increases

because of a conservative assessment of changes in the -nature

or—guality -of-the output, thess ars the most important cases
for the purposes of this study. ‘ '

A separaﬁé issue arises iﬁ-the c;ée of the so-called
servicé'éectors. where the official total output deflators are
in hany cases baSed-(inappropriately)'on the changing cost pf
labor inputs. For th;s stgdy, we have defined “phygicél“
m:asures of output for private and public educaton.‘;EA #83 .
and #89: whose'outpu; we represent in millions of student-years,
and for Instructional Television (ITV) and Computer-Based

Instruction (C8I), IEA #87 and #88, whose output‘is measured in

terms of hours of electronic courseware.

C. Coefficient Matrices, 1963-1977

1. Interindustfy Tréqééctioﬁs {A_Matri;)

After the data-had been standardized, deflated, and
aggregated to the IEA BS-éector classification as deggribed
above, the parts of the‘IO.tablés for 1963, 1967, 1972, and

1977 containing the interindustry £lows were Orgénized into an

8§
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A matrix of technlcal coefficients for each of thesq\benchmard‘

years. FEach technical coefflcient is obtaldba by dividing an
entry of the‘flow table by the qorrespondlng row total. Thus
the element in the ith row and jth column of an A matrix is
cSmputed as ;He total amount of output of sector. i consumed by
sector j, éividéd by the total outpﬁ; of sector j ih‘the corres-
ponding time period {measured in 1979 prices or in physical
uniés}; For years between benchmark years, each coefficieptl

was linearly interpolated.

2, Replacement of Fixed Non-Residential Capital (R Matrix)

In the dynamic IEA model replacement of.existing capital
and_inveétment for expansion a;é‘treated separatély. While a
sector's'plahned incréases in the productive capacity provided
by its‘stoék of physical qapital ére determined by comparingjk'
projected f.cture cabacity reduirements Qith capacity aiready in
place, investment. to replace fixed aSSets-is assumed to dgpend

upon the current level of sectoral activity.2 In either case the

composition of invgstmeht will be dictated essentially by

technical requirements. This section describes the methodology
Eor_allocaﬁing_past gross investment between replacement and
expansion and Eof computing the coefficieﬁts of the ‘replacement
matrix, R: The ith gjement of the 38N row of R specifies the

amount of output of sector i purchased by sector j to maintain

dlnvestment also takes place for technological modernization
in the absence of growth: capital may replace noncapital in-
puts or obsoclescent capital. This issue arises., for example,
in the case of robots-:(Chapter 4). :
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‘its productive capacity during a particular time period. .
- L)

In the absence of Systematic; direct observatipn of the
fixed capital in each industry,lofﬁicial gdvernment_series-on
capital stocks use a "perpetual invenﬁofy? approach to record’
the accumulation of new capital andhthe discard of exiéting asééts
‘using an initial observation of'sﬁocks, éubséquenf data on
gross investment, ‘and assump;ibné about the lifetimes of dffferent
capital gdods. within this framework, replacemeﬁ£ investmentL

is that which compensates for the'retifemeng of fixed assets.’

~ For those sectors whose capital stock is contracting, scrapping

of—fixed—asseks—exceeds-—replacement,—and we _have attempted—to
represent the amount of replacement that actually takes place.
The BLS publishes annual data on capital stock, .investwment,
and retifemént of.equipment and structures by'industry, computed
in a. perpetual inventory Eram%work, for the years from 1947 to.
\g} 1974 (U.8. Department of Labor, 1979] 3 These data do not
specify the physical .composition of . the stocks or flows. We
have relied for this. information on the BEA capital flow tablgs
for 1963, 1967, And 1972, which deSc?ibe the deliveries in a
inen year of over 600 capital doods ‘to each sector of the
economy in the 2-digit BEA classiﬁidation, i.e.,‘77 capftal-using
sectors, These tables were standardlzed deflated, and aggregated

as described earlier. Column totals measure each 1ndustry S

gross investment, and column proportions show the COrresponding

3The Bureau of Industrial Economies in the U.S$S. Department
of Commerce recently made available a new set of data on capltal
stocks by industry which has not been incorporated in the
ipresent study. i »
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™
composition. Seotoral gross investment as reported by the -
BLS and BEA do .not always rely on the same sources and are not
§dentlcal. We adopted the BEA series to maintain es.much con-
sistency as possible with the rest of the inpthoutput studies.
The replacement flow matrices are'COmputeo in the follow-

‘.

ing way. The BLS ratio of discards to gross investment is

multiplied by the BEA estimate of gross investment, resulting

in the level of replacement idveetment of the given sector
in a particular year. .The composition of this-replacement

investment is.assumed to be the same as. that of the correspond-

ing sector's gross investment as reported in the CFT. Each
sector's replacement of equipment and of structures (the-"
latter assumed to be produced exclusively by the construction
-seotor} is computed separatelf-and takes into account the
relatively slower rate of replacement of structures. Finally,
the technical coefficients of the R matrix are computed byb
dividing these flows of replacement capital by tRe total
output of the us1ng sector. -This reoresentation of replacement
reflects the assumptlon that a sector will replace only the -
portion of its stock required for current production. |

Since the CFT's exist only f;r-1963, 196?, and. 19?2 R
metrrces can be directly computed only for these years. For
the yeare in between, each coefficient was linearly interpolated.
the 1972 R,ﬁatnix wae repeated for each year'through‘197?'withi
a few exceptiogs which afe described in-the appropriate portions

1

of Part III of this report.




3. . Expansion of Fixeﬁ Nonresidential Capital tB Matrix)

The jth column of the expansion matrix, B, measures the

T

stock of each type of capital good required to‘increaée the capa-
city of sector } by one unit. The stock of éach kind ©f capital
good is’measured in the same unit as theloutput of the-sectot
that produces it. 1In the present case this unit is a 1979
dollar's worth.

Especially in‘capital-intensive sectérs,-very detailed plans
are on the drawing-boards of engineérslyearé before a eapital .

project is actually reélized} and investigators at the Battelle

Memorial Institute have made use of this type of information
'to'produce expéﬁsioﬁ matrices like thése required for our data

base [Fisher and Chilton, 1971]. While it ‘proved impractical

to use the Battelle matricesldue’to the impossibility of assuring
consistency between the conventions used in constructing these
tables and those emplofed in ,assembling the rest of our database, .
we'expect LQ return to th;s go-called ex ante method for construct-
ing the B matrix in_fﬁture work. The present study relied on the
accounting information in-the government data series.

Wh? ¢ .lata are avallable on annual sectoral ocutput and net
investment (the latter seriéé resultihb from the data work
described in the preceﬁing section of khis chaptér), it was
hﬁt possible to deduce a technologicaiﬁy meéningfui relationshipa
betweén the two without taking in;o account other faéto;s,

like sectordl rates of capacity u;ilization:

. . A
Instead of deducing stock requirement frdﬂ'the'capital

flow‘da;a. we chose instead to use the sectoral capital to output

835
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ratio to govern the total amount of capital required for a unit
expansion in cabacity. It is true that capital to output ratios
measure the average capital reguirement, rather than incorporaﬁing
the most advanced technigues that are typically used by new féciL-
ities and rhat are econceptually reguired by our representation.
Until better data are availablé, we can observe that qéing the
5verage in place of the fbest technology™ ratio does‘not'introducé
a sfstematic 5ver- or unﬁerkstatement Of net investment, since
.thegaverage-and therefore éhe b?st technology ratio does not

r »

éppeaf to be monotonic but depends upon specific technological

events (see, for example {buchin, 1%33]].
| ?he B matrices for 1963, 1967, and 1972 were prepared in
the following wéy. ‘Sectoral capitallstqck estimates for the
~ benchmark years, available in {u.s. Debartment of Labor, £§?9]
in 1952”priceé, were ihflated to 1979 prices using the NIPA pfice
index for non-residential fixed investment [ﬂ.S. Department‘ -

o

of Commerce, 1982]. Thesé'measures of the total capital stock

held by each sector were divided by corresponding sectéral'out-

puts, resulting in sectoral capital to output ratios. Since' the
industrial classification of the capital stock series is.less
detailed than the IEA classification, a,single capital to output

ratio was in several instances used for more than one sector.%

(while the specification of the model call;tfull capacity output
' : " b8

?ﬂ‘g

4The ~industrial classification of the capital¥gtock
series follows the two digit I0 classification with two
exceptions: the four agricultural sectors (BEA #1 - 4} are
aggregated together, as are New and. Maintenance Construction
(BEA #l1 and 12). ,
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0
.in the denominator of the capital to output ratios, we did
not make this adjustﬁent for the'present study.)

| ;Tﬁe vectors of capital to ouput ratios for a given year,
measuring total stocks required to pfoduce a pﬁit of output,
“are by definition the column‘totals‘of the correspdnding B

; D :

matrix. Expansion capital was assumed to have the same
i ¢

product cémpositidn as gross investment, sSo the column totals
were distributed over cépital-producing sectors in:the sahe
proportions as in theé columns of the Capital Flow tables for
the corresponding years. Thé coefficients of the. B mé;rices
were computed in-tﬂis way,-and then interpolated between
benchmark yegrs and projected to 197‘ in the same way as
that described in the last séctidn Eof “he R matrix.

The B matrix‘is subseguently decomposed into B%, 8 = 1,2,3,
accogding to the lag between the deiiverylof a capiﬁal ftem(an&

its effective use in production.: This subject is discussed in

Chapter 2.

D. Initial Conditions and Control Totals

Thé IEA model requires estimates’ of sectoral capacity for

F

the initial year and projections of future capacity {based on
estimated_sedtora; expansion plans) for the néxt five years {as
-discussed in Chapter 2). In addition, during the dévelopment
of the modei it was necessary to prepare "conﬁrol totals™" for'
';ebtoral outputs and investment to check the valués produced

by the model. This fection deskribes thé‘preparation of data‘
for-initial conditions and controls. ‘
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-

1. Sectoral Rates of Capacity Utilization

when a sector's capital stock is being fully utilized,
its productive capacity is equal to its outpdt. Given its
output and an estimated rate of Capac1ty utlllzatlon, the .

.
capacity can be computed. . Sectoral capaC1t1es for 1963 were

1]

derived in. this fashion from utilization rates pub}ishéd by

BEA (U.S. Department of Commerce, 1975b1, using a classification
scheme very close to ours,> When-the BEA sectors were more
aggrégated than the IEA classification, we osed the same rate
for each paro of the larger sector. For those sectors not”
‘explicitly reported (éxclusiVelylsérvice sectors), we followed

the source document in assumlng 100% capac1ty utillzatloﬁ.

The ratlos used in the model are glven in Table 3. 6.

2.  sectoral Outputs

OQutput vectors for benchmark years'wopo prodoCed'by
standardizing, deflating, and aggreggting the IO transoction
Flow tables (See Section B) and these vectors were linearly
interpolated for the years in between These data.were used
hoth to estimate capacity in 1964-1968 and as controls to check

o

the performance of the model and signal..potential pkoolems.

o

3. Fixed Nonresidential Investment
Controls were also prepared for fixed nonresidential

replacement and expansion investment. These numbers were

\
4This source defines these rates as "actual utilization ‘
rates as a percent of preferred utilization rates. See also
"~ Chapter 2, footnote i, :




computed from a recent BEA publication [8,S. Dept. of Commerce,

1982) which p;ovides annual gross fixed ndnresidentiai invest-~
ment through 1979 in current and constant.1972 dollars, separate-
ly for équiphent and strchLres, as well as‘discards of fixed
capital. ".‘ ! |

| Separate deflators for équipment and, structures were com-

puted usiﬁg the data 1in current dollars to convert the series

to 1979 prices. \
€.  Employment Data | - - | o

The final requirement of the IEA model was for data on
the use of labor by occapation per unit of each sector's
output. The principal sources of information are the occupa-
tion by-induétry matfices-prepared by the BLS for 1960, 1570,
and 1978 from [U.S. Department of‘Labor, 1973, 1981].

The occupatioq by indus;fyhmatrix for 1960 is based on
the 1960 Census of Pppulatibn and includes 186 occupations
and 157 industries("Tﬁé matrix for 1?70'13 based on* the 1970 -
Census, while that for 1978 is an update incorporating data-
from various surveys. These last two matrices_include 425

occupations and 260 industries.;?NeiLher_the sectoral nor
the occupational classification scheme is incompatiblg'wigh
that of the 1960’matrix. o 1

For this study weluSed a Sj-occypation classification
scheme, yiven in Tablg—§‘7“*ﬁ"“this—ieveL~eﬁ—aggrggg_Hon,
the BLS employment categories for 1960 and later years were

comparable with only a few discrepancies Eh@t were resolved .

using further detail from the 1960 Census of Population.

-

-
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Table 3.6.

L]

Capacity Qtilizatioh by Sector in 1963

Capacity?
Utilization

. Hotel,

Metal Mining-

Coal Mining '

Crude Petrocleum and Natural Gas

Stone and Earth Minerals Mining

Construction ,

Ordnance and Accessories

Food and Kindred Products

Tobacco Manufacturers

Textiles

Apparel and Mlscellaneous
Fabricated Textiles

Lumber and Wood Products

Furniture and Fixtures

Paper and Allied Products

Printing and Publishing

Chemicals, Plastics, Drugs and
Paints i ,

Petroleum Refining and Allied
Industries

Rubber and Miscellanecus Plastics
Products

Leather Products

Glass, Stone and Clay Products

Prlmary Iron and Steel Manufacturing

Primary Nonferrous Metals Manufacturing

Fabricated Metals

Machinery, except Electrlcal

Electrical Machinery

Motor Vehicles and Equlpment

Aircraft and Parts

Inskttruments

Miscellaneous Manufacturlng

Transportation and Warehousing

Electric, Gas, Water and Sanitary
Services .

Trade

Personal and Repalr Services,
except Auto .

Robotics

All Other Sectors

&

.81
.82
.91

. .88
.89
.68
.90
.96
.84
.94

.90
.87
.85
.87
.79

.93
.78

.93
.92
.80
.80
.83
< .72
" .82
- .85
.68
.83
.85
.85
.94

Y
.66

1,00

!

%

_|32pefined as proportion of "preferred" rates of utilization as

in the source.

o

Source:

“ [U.S. Department of Commerce,

El

1975b] .




To ensure compatibility withlthe IEA sectoral classifi-

cation, we attempted to match sector definitions of the three

BLS employment matrices to the IEA 85-sector classification

at the level of the component S5IC codes. When the BLS sector’
included several IEA sectors, the porresﬁbnding employment
levels were decomposed according to sectoral qﬁﬁéuts assuming
the same‘occupatidnalDstructure for each subwsector.? Once

the classificational discrepancies were técénqiléd,'the émploy--
‘ment data took the form of three flow matrices of 53 occupations
by 85 sectors for 1960,21970, and 1978.6 The row totals of
these magfices show private sector eﬁployﬁentdby occupation,_ v

-

and the column totals correspond to private sector employment

by sectcr of the economy.

n

The BEA has published aggregate employment by IO sector,

using the definitions and conventions of their IO studies.for .
1967 and 1972 (U.S. Department of Commerce, 1978 and 1981b].
Discrepancies for some sectors betweén these data and thg
columtfi totals of the BLS matrices were resolved by using the
;EA totals which were augmented by estimates of kthe fumber

of self-employed by sector, from other sources..TBLS maﬁrices;.
were used to determine the'occugationa; qdmposition of employ-~-
ment %or each sector, BEA sectoral employment is consistent

with the NIPA employmént series which, while more aggregated

in their sectoral classification, were avéi}able for 1963 and

L]
E)

L3

-

6in fact, a fourth matrix was prepared based on BLS
projections for 1990. It is used in this study only for
purposes of comparison with IEA projections &in.Table 1.1},

95
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Table 3.7 IEA Occupatlogﬁl Classxflcatlon
- and Corresponding BLS Codes

JEA
Code

-

Description of Occupation

BLS

Prof9551onals

Managers .
17

Sales Workers
18

19
20
21
22
.23
24
-
Craftsmen
25
26
27
28

29
30
31
| 32

4

*

-~ Electrical Bnglneers.

Industrial Engineers
Mechanical Engineersl-
Other Engineers

Natural Scientists

~ Computer Programmers

Computer Systems Analysts
Other Computer Specialists

Personnel and Labor Relations.Workers

Ph¥sicians and Surgeons
Registered Nurses
Other Medical Professionals

Health IEChnologlsts. TEChnlClanS

‘Teachers

Drafters

' Other Professional, Technical &

Mahagers, Officials, Proprietors

Sales Workers

Clerlcal Workers

stenographers, Typists, Secretaries
Office Machine Operators
Bank Tellers

- Télephone Operators

Cashiers
Other Clerical

Carpenters

Electricians

Plumbers and Pipefitters

Other Construction Craft Workers

Foreman, nec

Machinists

Tool and Die Makers

Other Metal Worklng Craft Workers

- 9 Code?

10120200

10020250
10020300
1002 (except 10020200,

10020250, 10020300)|

1004, 1006
10160050
10160100
10160150

- 10240650

10100300

10100400 -

1010 (except 10100300,
-10100400)
1012000
10200000
10080150

" 1014, 1018,°1022, 1024

(except- 10240650)
1008(except 10080150)
20000000 -

30000000

&
El

40020000

40040000

40060050

40061550 .

40060200 :

4006(except 40060050,
40061550, 40060200}

50020050

50020350

50020800

3002{except 50020050,
50020350, 50020800}

50040000

50060300

50060750 _

5006 {except 50060300,

50060750)

AyUnpublished BLS c1a551f1cat10n scheme accompanying [U.S. Department
of. Labor, 1981].

i

(continued on next page)
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Table 3.7 (continued)

IEA
Code

BLS
Code

Description of Occupai: ion

Craftsmen {(continued)

i3 Mechanics, Repairers

34 Printing Trade Craft Workers

35 Transportation, Public Utilities Crafts,

_ Other. Craft Workers |

36 - Bakers.

37 - Crané} Derrick and Hoist Operators

a8 Other Craft Workers -

50080000
50100000

50120000

50140500
- 50140200

5014 (except 50140050,
. ' 50140200)
(peratives '

39 Assemblers ,

40 Checkers, Examiners, Inspectors
-41 Packers ang; Wrappers .

61080100
61060050
61060200

43
44
45

42 ‘Painters.

Welders and Flame Cutters

Pelivery and Route Workers .

Truck Drivers

61081050
61020500
62000200
62000550

- 46 Other Cperatives 6000 (except 61080100
' - 61060050, 61060200
61081050, 6102
. : 62000200, 62000550)
47 - Robot TechniciansP —————
Sarvice Workers )
48 Janitors and Sextons
49 ’ Protective Service Workers
S0 : Food -Service Workers-

70020150
?0100000
70040050, 70040150,
. 709:,40250, 70040300
51 Other Service workers 7000 “{except 70120000
: . 70020150, 70100000,
p 70040050, 70040150,
70040250, 70040300)
Laborers .
. 52 Laborers 8000
Farmers and Farm Workers .
53 . °  Parmers and Farm Workers

9000

YIn aggregate occupational classification schemes Tobot Technicians; IEA #47,
' are included as Craftsmen. - -

AN
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1977 as.well as 1967 and 1972 (0.8, Departmenﬁ of Commerce, 198la,

1982]), The NIPA data f£or 1963 and 1972 were disaggregated to 85
: ' ¢ T

sectors using proport}ops from the 1967 and 1972 BEA employment
) ; P

%

studies, respectively, when necessary.

The ‘three matrices of occupationa; proportions (for
_1950,-}970, and 1978) were interpolated linearly to produc;
four ;atrices for ‘the benchmark years (1963, 1967,/1572_and
197?). The four corfespoﬁding»veétors of t;tal employment by

Jector ware d1v1ded "element by element, by total sectoral
output (in lg?g{ﬁrlces) in the given year, resulting in
sectoral labor/output ;atioé. Finally thése ratios were

distributed among occupations according to the matrices of

-
1

occupational proportlons. The final outcome was a set of
four matrices for the years 1963, 1967, 1972 and 1977 of/j

labor/output ratios by occupation and by sector. o

F. 'vCo;fficient Matrices, 1978-1980
Each scenarig for which data have been developed in Part -
IV of this report specifies A, ﬁ, 8, and L-coefficient matrices
for 1990 and for 2000. The most recent government IO dataf
< are for 1977, and these were in most cases repeated for - |
'1975: 1979 and 1980 with gxceptlons'for newly emergln; sectors,
The sectors producing electronic edu?atignal,éourseware (IEA
$87 and 88) appear 16'1980, aﬁd'thé robotics secéor (LEA
#86) begins productlon in 1977, Annual matrices are produced

by Lnterpolatlon for 1981 89 and 1991 99,

°
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Chapter 4. The Automation of Productiom Operations

A, Introduction

This chapter documents the. procedures employed in estimating
the changes in capital, intermediate input, 'and labor requires
ments that describe the adoption of specific computer-based

technologies. While production processes will undergc ‘other

- 5

changes, as well, the widespread use of computers in the office

and factory is expeéted tc have major consequénéés'for.ﬁhé' -

-

level, occupational composition “and skill content of future °

L]

- . - 0_ .
employment. The magnitude of these changes is suggested by

General Motor's prediction that "by iga?, 90 percent of all

L4

”

new capitﬁ} investments will be in computer-controlled machines"
[Levitan and Johnson, 1982, p. 12) and by the fact that a
Japanese designed plant 1s already in ope;atidn in the U.S.

" whose automated processes have reduced the number of workers
et | e y

required to produce a given output of machinéltools from 500

to 100 [Japan Economic¢ Journal, 1983, p.&E] s

The iﬁpacts of computers ar;‘not limited to the prdduction
~of goodé.n Thé appliéation nf‘combuterﬁlgo office work will
vastly reduce thé need E%r'human laQQt,in'performing ;egetit{ye
tasks such as filing,-bookkéeping-dnd typing. These labor
savings are of particular significance for the inqustries-emf
ploying thte—collar labor most intensively, notably banking,
insurance, legal services and bovernment. According to pro-

jbctions madé by the International Data Corporation [198la,

. pp. 4-5], the number of desktop and small business computers
. LN

= 1
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»

&
in use will increase from 823 000 in 1980 to 5 4 mill1on in

’

1985, and these Elgures understate the pace oE computer1zatlon'

> ¥

H]

in: the off1ce since they do not reflect advances in hardware

T

and'software capabilities.

. - L '
The increased use of computer-based.automation is rep=

resented in the database of the dynamip iqput-dutpug model by

[

changes in the input requirements {or technical coefficients)

. i . o

of the “sectors which produce and use the new equipment. Each

column of coefficients in the A matrix represents a given sec-—

° o

tor's ‘inputs on current account per unit of output. The cor-
responding column' in’the B matrix represents the sector's cap-
ital requirements for a unit expansion of capacity, while a

: . L., . '
column of the R matrix represents capital replacement reguire-
C . . A -+

ments per unit of'outpdt. Finaliy, a column of the L matrix

represents a sector's labor requirements by occupation per
o

("

unit of output. ' ‘ .

our focus in this chapter is corganized arcund twe facets of

the computerization of production processes. (Office automation
- ° .

is addressed in Chapter 5.,) First, quantitative sectoral
estimates are made of the-increasing use of computers (for all
purposes) and the associated‘requiremen;s:Eor Computer Péegrammérs,
Computer System Analysts, Other Computer Speciaiists, and t
Drafterss these estimates are described in Section B. Second,

we represent the increasing use of two speciﬁic microprqbessor-
based machines, robots and computer numerically controlled

(CNC) ﬁachine tools. The use of robots is projected to

conserve paint, while the substitution of CNC for conventional

"
Al




”

tools will increase the use- of metalwerking machinery and

)

Y - . L
. reduce steel scrap. The use of robots requ1r§% a new occupa-
j] ' . .
tion, Robot Technicians, and displaces workers in six production

occuoations, wﬁile;the us:?of CNC tools reduces the labor
reauirements of Machinists, Tool and Die Makers, and Other
Operatlves (seml-skilled metalworking operatlves) ‘The -
procedures used- to represent gtese 1mpact§ of robots and

CNC tools are desaribed in sections C aqd'D{ respectively. .

The projections made for this study reflect technologies

that are .currently known. As Carter (1970, p. 88} has noted,

“most major changes in technology of production or product

»

design can be anticipated by industry specialists fiveJor:morq
years before they are put into actuél use."” We do not,project

ant1c1pated future breakthroughs nor the commercial use of

3

technologies which have not yet been effectlvely utlllzed.
but we do assume the incrementa1 improvement of currently

available technoloéies. For example, our estimates take

&

into account the substitution.of CNC for c¢onventional machines,

-

computer }inks'between individual CNC machines '{Direct Numer-

ical Control, or DNC), and increasing use of machining centers

a

(in which one CNC machine performs several machining operations)

“

but not the future use of Flexible Manufacturing'Systems (FMS},

- .

in which automatic material handling systems are linked to .

computer-based machines (including robots) to form an essen

e"
T

tlally,unmanned productlon process. " .
Differences among the technologles (computers, robotics,

and CNC tools) and among the types of lnputs {capital, idtermediate-
%




input, and labor) made it 1mpractlcal to use a 51ngle general

methodology for the projections.” In order to represent the use-

. . LN A "
-of computers, the increase in each sector's capital coefficient

{the computers required to increase capacity by one unit) was
based on the increase in the average computer coefficient

(computer stock per unit of output), for which data were de-

.

veloped for 1977, 1990 and 2000. ‘Similarly, average capital

3

coefticients for tﬁe,use of robots were estimated'forheach
-robot‘using;ihdustry. Based on'the literature about investmenth
in robots, we assumed that the robot requirements per unit
of new capacit§ (the capital coefficiente) woold reech a
peak in 1985 at a value eoual to that of the 1990 average
robot requiremente (the average caoitel coefticients) fqrfiv"“
each sector. The 1977 Metalworking Machinery capltal coeffl-
c1ents are projected from the estlmated share of CNC tools

in the vafue of the machine tool stock requ1red for new
capacity in 1990 and 2000

. The projections ofothe inter-industry and laborgcoeffi—

b . . . ¢

cients are based on the future use of these three kinds of
eqoipmeht: _lntermediqlé'inputs are aojusted by.identifying

the portion of the material input (e.g., paint) that will be’
affected, eétimatino the change-in-thio affected portion,

and adjueting the coefficients accordingl&.‘ Labor coefficients
for the oomputer _occupations were projeoted on the b%sie of

the labor requzred per computer and on prOJGCtionS of the

computers used per unLt‘of output. Labor coefflc1ents for

various.production occupations are adjusted on th?/basis of

o-
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1) the stocks of robots held ih each sector and the labor
disylacement rate per robot, and 2) the CNC share of mdchine
tools in use and the ratio.of CNC to conventjional labor
regquirements per uniﬁlcf output, - ‘

Technical coefficients for Ehe_A, L, B, an? R matrices
were projected for alternative scenarios, corresponding to low
(Scenarioc $2; and ‘hjgh {Scenario s3) fe}es of diffusion of
the computer-based technologies. These Ewo scenarios are
intended to specify. a realisticﬁrange for\ﬁuture developments,

“ - ! -4 .

A

B. Electronic Computing Equipment

1. The Computer Sector
Information processing in the office, mgehine .control

in the Eartory, and the 1ntegrat10n of offlce and factory w111
4

become 1ncrea51ngly dependent upon a hlerarchy of COmputers

over the next two decades. According to a recent report

[General Motors, 1982; p. 31, computer-based\equipment;on
' W

tﬁe factory floor will be "linkéd together in a plant's
computer communigations network that will not only monitor
how the equipment 1is Eunctionihg, but will schedule the
élanﬁ for .- the most efEicient operation.” |
These computers will range from the desktop variety,

' ‘whieh COStSs lees than SIQ,OOO, te large mainframe computers
that carry a priceutag in the®$12 million gange. In‘the-IEA
iﬁdustry classification, this equipment is produced by IEA
'#50 and corresponds to the Standard Industrial Classification

e

(SIC) code #3573. This sector does not include microy.cocessors

which .provide the baeic functions of a'comphter {input/output,

u
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B e

memory, and préceésing) on a single sgmiconauétor chip.  Also
excluded ffom this sectq:_(IEA'isd) are special purpose @Lcrq-‘
proceésor-based machines, such aé word processors (produced
by Office Equipment, IEA #51) and CNC controls for machine
tools (produced by Electric Industrial Equipment and Apparatus,
IEA #53)., |

The following section describes the procedures used to
estimate future changes in_ the Eroduétion of computers.

Sectiog): describes the projections of the capital coefficients

-h\ioverni the increased use of computers and corresponding

hanges in labor coefficients to the year 2000.

L

2, The Production of Computers

The production of computers .and semiconductors ‘has under- _
gone dramatic changes éipce'the 1960's. As the composition
of computer output has shifted away from mainframes to smaller, .
stancardizea éOmputers. the industry has substituted mass pro-
duction for batch technigues, a trend that has led to a rapid
decline in unit costs. In the case of semiconductors, the

" 1970's saw labor-intensive OQQrétibns move abroad and an in-
creasing mechanization of the remaining stages of production L
(wafer fabricationl}. According to qne rgPogf, the average
selling price of an integrated circuit fell from S4.20 in 1967
to 63 cents in 1975 (1972 prices) [U.S. Department‘of Commerce,

- 1979, o. 5017,

The intermecdiate inéut and labor coefficient qolumns of

the Coméuter (IEA #50) and Semiconductor (IEA #58) sectors

used in this study reflect these structural changes. 1In the

110



http://purpo.se

aggregate, the 1972 intermediate input requirements per unit
of output of the Computer sector were 48% of their 1967

value {in 1979 prices). By 1977 these requirements in these

sectors again fell by about 50%. The decline in labor require-

ments was even more dramatic, 56% and 68% respectively. The-

magnitude of the declines in intermediate inpﬁé and labor
coefficients in the Seamiconductor sector were similar.
Althcough we focused our effort on thé use of computers,.
we felt that it was'necessary to prgvide proviéional estimates
cof future reductlons in 1ntermediate input and labor requ1rements i
IEor sectors IEA #50 and IEA #58. Since the trends cited %bove
can be expected to continue in the future, Lhese coefficients
were reduced under all scenarios by 30% in 1990, and another
30% in 2000.

3. The Use of Electronic Computlng_EquiQment- 1977,
1990 and 2000 Computer

A

Capital Coefficlents -

The procedures described in Chapter 3 produced a
"matrix of capital coefficients (B matrix) for each year of
the 1963-72 period. Neither the statistical series underlying

-these matrlces ‘hor d;rect lnformatlon on the investment -in

computers required by each sector to accommodate an'expaﬁ51on
of capacity was available for years after 1972. Ipstead, we
deriué@ our estimates of the future increase in incremental
computer capital coefficients from%the increasé in Ehe aJérage

coefficients, defined as the stock of cdmputers held by each

sector per unikt of output.
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The 1977 capital coefficients appearing in row #50 were’

A

derived by applying to the 1972 coefficients the rate of increase
between 1972 and 1977 in the average coefficients, or ‘

. o 17
77 ‘D5 72
bsoj = 72 ° Ps50j - (1)
bsoj .
where b designates an averagé capital coefficient. Average’

coefficients were then estimated for future years, and the incre-
mental capitgl coefficents for'1990 and 2000 were computed by
"the egquation

S 77 £ _77
bsoj = bsgj +albsoj=bse;) (2)

where the increasé in the capital coefficients, represénﬁiﬁg
the newestgtechnologx; is o -times as great as the increase
in the average coefficients. These procedures are described
in detail below. 3 .
. . ; ~ . _

The estimates of average computer coefficients for 1972,
1977, 1990 and 2000 were degéloped in four steps. First the
aggreéate stock of puters in 1972 and 1977 was calculated.
The gross stock of Office, Computing and Aécounting Machinery

for these years, published by the Bureau of Economic Analysis

(U.S. Department of Commerce, 1982, p. 173], was adjusté& to

1) eliminate the office equipment share of tﬁis machinery
{15%), 2) eliminate trade and transportation margins (10%)

in order to value the stock in producer prices, and 3) deflate
from 1972 to 1979 prices {a 10% annual decrease in brice was
assumed). These adﬁustments produced computer stqcks of $10

-

billion for 1972 and $17.5 billion for 1977.
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The second step was to distribute these stocks among
using industries. As the basis for this distribution we used

the proportiken of total computer personnel employed in each

sector, since professional computer %@ecialists have until

recently been required to operate computers.  According EG?

the International Data Corporation [198la], only 0.6% of the .
value of computers in use in 1977 were desktops, the category

- of computers not generally teduirfﬁg specialized skills for
operation. .

In'the third step!we projgcted_the aggrega;e s£ock of
computers that'woula be regquired to prdduce'a 1977 level of total
gross output in 1990 and 2000.1 The growth in the aggregate
computer stock coefficient was calculated from the real growth
in the gross ;tock of computers [U.S. Department of Commerce,
1982] and in totallgross private sector output [U.S. Department
of_Labor, 1982)] between 1972 and i979.thetween 1972 and
1977, the average annual. rate of increase was 8.,6%. This
average rate rose to 8.9% between i976 and 1979..and 11.3% for
1978-79. We ass;med an average annual raté of 10% between 1977
and 1990 for Scenario 82 and 15% for Scenario S3.

u

As the stock grows and computers are used in the bulk of

--.the operations that ¢an be cbmputerizéd, the rate of increase
in the computer coefficient can be expectd to decline. For
both scenarios, we assumed that the average annual rate of
growth between 1990 and 2000 will be half that of the 1377-90

pefiod (5% and 7.5%, respectively).




} In the fourth step,-the increaées“in the aggregate stock
of computers between 1977 and 1990 and between 1990 and 2000 e
were distributed amoﬁg_ipdustries on Fhe basis of their pro-
jecﬁed information processing.and machine contrbl requifements.

-

As the 6peration of compute}s becomes more accessible to
manégers; secretaries, engineers andsproductioh*WQrkers, res
guirements for specialized computer personnel will diminish, . -
and there may be significant changes in the relative use of
computerslby'sector. We used two methods to distribute the
1990 and 2000 computer stqus.among usin&\industries.'?Most 6f.

the increase (90%) after 1977 was_éssumgd\to-zé for information
processing tasks and was allocated among industrieé'based on
their relat1ue 1nformat1on processing requlrements; as measured

f
by the1r share of total white-collar. workers\%n 1977. The

re a1nder of the increase (l0%) was assumed to be asggciated‘
i'th machine control requiremenfs in goods prodﬁcing industries
nd was distributed among industries on the basis of the
relative number of machine tools that kepe held in 1977.

The projections reguired pgrtitioning the increase

in capital stocks between the base year (1977) and 1990 and

/ 2000 into the portion used for information processing (IP]}
£ and the portion required for machine control (MC) in goods
1; product1og, Each no:Llnn_was then ggaratelv dlstrlbuted
/ among sectors. The future .average computer capital coeff1c1ent
/
/ _ <Bijt} was defined as the sum of three components.,
/ .-
ra ' ' -t 77 _t(IP) _t(MCY ' ‘ )
bsgj = b50J + bggj + bsgj o {3)
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The average capital coefficients, estimated in this fashion
for 1990 and 2000, were used in Equation (2) to compute the

capital coefficients.

In*order to fix a value fu. o« (the ratio of incremental

to average computer requirements) we compared thg_QOmputer
requirements for a given output vector based on tHe_capifal \\\\
coefficients aeveloped with the procedﬁres degcribedlin
Chapter 3 with the requirements based on the ;verage coeffi- :
cients gust described. The fo;mer,were naturélly systematidally _
larger than the latter; their ratio for the economy as a
whole, 2.25, was assigned to «a. l

The results of Equations (1) and (2) can be briefly
summarized. In 1977; the iﬁdgstries witﬁ the largest computer
requirements per unit of output'were those producing Electrical
and Electronic Equipment‘(IEA #51-60), Instrume;ts-(IEA #64,
65), ordnance and Aircraft (IEA #12, $2), Financial Servi.ces
(Banking and Insurance, IEA' #73, 74),‘aﬁd Educational Serviées
(IEA #83, 89). Iﬁdustries with-relativély low reqﬁirements
for momputers per unit of outpuﬁ in 1977 included Agriculture
(IEA #1, 2}, Mining (IEA #7, 10) aﬁd several- Service (IEA #75,
79) industries, as well as Construction (IEA #11), Food (IEA
#13) and Lumber (IEA #19): the common characteristic of
these lattér seckors isg the predominanée of sﬁall establish-
ments. Most of the c0mpufek equipment Iin 1977 consisted of
mainframes which were experisive and designed for large tasks,
and these industries consequently used relatively little of

this eguipment.




i . .
The industries with the largest increases in computer

coefficients subsequent to 1977 are those with large infor-
mation processing requirements whose operations are conducted

in small establishments: Retail Trade‘(IEA #72), Real Estate
{IEA #75), Hotels (IEA #76}, Amusemgnts.(IEA #80) and Educational
Services (IEA #83, 8%9). The major part of thé,computer equip~

ment that will be used by these industries will be <Qesktop

computers and electronic cash registers,
Table 4,1 shows fifteen industries that we?e projecteé'

to héve largé:computer capital coefficients in 1990 and

2000. Using the Aircraft induStry (IEA #62)‘as an example,
$45,000 in computers was requ1red to increase capacity by $1_
million in 1977; by 2000 this requlrement wlll reach $191 000
'under §cenar10_s3. The nine manufacturing 1ndustr1es,shown
in tﬁis table are_éﬁBhg“thehggrliest candidates for computer-

based ﬁlexible-manufacturingﬂsystemﬁ}‘e?gwyhggréw Machine
froducts (IEa #40), Metalworking Machinery (fEA‘¥ing“and
Aircréf£ (IEA #62), The seven service sectors have signif-
icant information processing reguirements.and include Retaii‘

Traae (IEA #72) Finance (IEA #73), Insurance (IEA #74) and

Business Services (IEA #77),

Lab&? Coefficients

Many dccupations have alreadf béen directly_affééted bf
the increasing use of computers in the production of goods
and services. In this sectiog wé describe the method used to
astimate futufe changes inm the labo; coefficients for three

occupations {(Programmers, LAB #6, Systems Analysts, LABI#?

-
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~ Table 4.1. Capital Coefficients for Computers in the Sectors
: _ with the Largest Coefficients in 1990 and 2000 /
{dollars per dollar increase in capacity, 1979 prices)

_ ‘ | scenarioc 82 | /Scenario S3
Code Sector . 1977 | 1990-F 2000 {1990 | 2000 | "
40 Screw Machine Products and Stampingé .006°! ,045 | ,079 { .088 |¢,192 | -
46 . Metalworking Machinery and EqQuipment “1o11 | .077 | .136/) .150, | .326
47  Special Industry Machinery and Equipment .009 | ,055 | ,096/| ,108 | .,227
49 Miscellanecus Machinery, except Electrical .012 103 184 .203 .446
55 Electric Industrial Equipment and Apparatus; .005 | .045 .080 | .0ss | .193,

137 Electron Tubes .029 } ,076 | ,118 | .128 | .252°
62 Aircraft and Parts .| .045 | .075 | 103 | .109 [ .101
64 Scientific and Controlling Instruments ~ | .013 | .050 | .084 | 092 | ,192
68 Cammunications, except Radio and TV | .018 | .064 | ,105 | ,115 | .239
12 Retail Trade . N .006 | ,070.| .127 | .141 ; .311
73 Finance’ S .. ,081 t .162 | 234 | ,250 | ,464
74 - Insurance ‘ .084 | .141 | .191 | .203 § .354
77 Business Services - ] .037 1 ,088 | .132 | .143"| .277

"|82 Health Services, excluding Hospitals | ,008 | .048 |;,084 | ,092 | ,198
‘84 - Nonprofit Organizations .010 | .104 |-.189 | .210 | .463

' 3
F-
Te ‘ ’ ¢ !

-and Other Computer Specialists, LAB #8) ‘which depéadlwholly
upen the use of computers, °d one occupatlon (Drafters,
LAB #15) which is being eliminated by computers.
The labor coefficients for the th?;e computer occupations
in computer using sectorsl were projected to 1990-and,2000
on the basis of 1) estimates of the number of computer workers
. g
required per unit of cbmputer stock, and 2) the grojegted
1990 and 2000 computer requirments per unit of 6utput. As
stated in a.recent BLS study, "Employment of computer workers

A

~ . reflects an industry's capital eXpenditures for technology

as. employers install computers to increase efficiency and

1The coefficients for the computer occupations in the
Computer sector {IEA #50) _were reduced by the procedure described
earlier 1n‘par€\2 of thlS section. ;
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productivity, Qhether or not their output is expanding“
(U.S. Department oﬁ Labor, 1981,_p. 77, | -

Given the number of workers,required per unit of computer.
stock (eg3/ks0y), the new labor toefficient (lgj) will vary

with the amount of computers that are used per unit of sector j.'s

"

output (bSO,j)= - ' N @

lgj = eq3/xj = leq3/ks03) (bso3) 4

The computer personnel requirements. per unit of computer
stock were computed for each sector for 1977. Recent develop- .
ments in both software and hardware suggest that in the future

these labor to. computer stock ratios will fall. Accordlng .

.~

to a recent BLS study (U.S, Department of Labor i981, P 20];

One trend in software technology has been the incorporation
of systems programming functions into computer hardware.

If the trend continues over the next decade, it may

curb the demand for some systems programmers. . . .
Packaged programs are another software option avallable

.to computer users. These programs, which are being
developed for an ever increasing number of applications,
simplify programming operations, reduce programmer

skill requirments, and may require fewer programmers at

a computer site. . . . These packaged programs also

will permit programming to be done by noncomputer personnel
‘in many cases. .

Table:412 shows aggregate ratios of computer workers to computer
stock.for thfée computer occupatibns‘for the census years 1972
and 1977, and these ratios show substantial declines for all
three computer occupatioqs.

s We assume that these ratios continue to fall until
\h - ‘

. 1990, Such a trend is supported by a recent study by the

International Data Corporation which found that among 350 computer

users over the 1981-83 period, the staff-related share of the
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budget has steadily fallen while the computer room eguipment

portion has risen (Zientara, 1983, p.l]. Under Scenario

82, advéﬁcés in software and reductions in'maintenance require-
ments were assumed to reduce employment per computer to 67%

of the 1977 ratio for each sector and each computer occupation
by 1990. Under Scenario $3, these advances were assumed to

be more rapid, and the ratios were reduced to 33% of the

977 figures. The ratios remain dnchanged between 1990 and

*

2000 under both scenarics.

. Table 4.2, Aggregate Labor-to-Computer Stock Ratios for
. © Three Computer Occupations
(workers per million dollars, 1979 prices)

Qccupation 1972 1977

Programmers (LAB $6.) | 15.0 11.0
Systems Analysts (LAB #7) 11.6 {° 9.0

Other Computer Personnel (LAB #8) 2.5 2.1

I

/ ‘6 . . ,-I
The labor ccefficients for 1990 and 2000 were calculated

‘ /
by multiplying these ratios by the average computer capital
coefficients (Egoj). The industries with the largest

1990 and 2000 labor coefficients for Computér Programmers

are presented in Table 4.3. The coefficients-increase over

3

time since increasing average computer requirements per unit

of output more than offset falling labor reduirements per

unit of computer stock.
In contrast to the future prospects-of these three computer
: /

.0ccupations, Drafters (LAB #15) are among those occupations :
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Table 4.3. Labor Coefficients for Computer Programmers in the
Sectors with the Largest Future Coefficients in 1990 and 2000
{(workers per million dollars of output, 1979 prices)- ;

I

. Scenario]S2 Scenario S3
Sector 1990 | 2000 | 1990,/ 2000
Metalworking Machinery and Equipment 241 | .417 | .23 492
Miscellaneous Machinery, except Electrical | 290 | 523 | .29 639
Office BEquifment, Except IEA #50 j 2 .296 | -.415 | .222 | 400
Electron Tubes ; .247 | .351 7f§3 .344 |
Retail Trade ‘ 190 | 342 | £189 | .417
Finance .. ‘ :333.] 536 |/.203 | .597%
Insurance ' o .286 : .236 | .462
Business Services- { , 905 1 804 {1.650
Hospitals : .199 | 185 | .393
Educational Sexrvices - 1.430 1.240 |2.510
Nonprofit Organizations - ' «283 : 278 | 605
Government Mhterprises .239 ' .242 | .538
Public Bducation 1.430 1.240 |2.510

f

which will be adversely affected by the iﬁcbba'ing use of com~
puters. . ﬁn_19?8 there were 296,000 Drafters, 20% of whom worked -
in privatg ;ndustcy preparing ”detgiled drawings bésed on rough
sketches,fspecﬁfications and calculations made Bylscieﬁtists,

.'

englneers, architects, and .designers. ,T7 y also calculate
the strength, quality, and cost oﬁ’mati7

ials" [U.S. Department
of Laboq, 1980, p. 315].' Theré is ample evidence in the

busines% and technical llterature that/ computer-aided design

H [

" {(cap) géeatly facilitates the pecforzance of theée tasks.

Accordlhg to Allan, (1982, p. 951,
|

f
now deflne a part's shape, analyze stresses applled to it and

ith CAD a designer can

————
————

automa%ically produce englneering qLaWIHQS £ér that d ign,-

all from a computer-based grdphics/ terminal." Once drawings.

-

are automatlcally produced they can be stored easilykjetrieved

o .-
for m 9 ification. e
r“-w‘,r F

NN 5 .
S A . &
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CAD will affect Drafteis in two ways. First, the time

consuming menial tasks will be performed by the. ‘omputer,

eliminating all but the most skilled fsénidr drafters" who are '

-

-qualified to translate preliminary drawings by engineers and
architects into design -layouts for the computer. For example,

"Normally an aidhitegt and one or more draftsmen would spend

3 dayf modifying the design, cHanging the-Specifications

and redrawing the building. This time an archjtect'ﬁadg.the

-

changes on a video screen in a matter of hours and new drawings
were in the mail the same day" [Miller, 1982, p. Cl].

The second effect of CAD on drafters is the improvement
in fhe productivity of the relat{vely skilled drafters who are
not replaced. According to a Societylof Maanacturlag Engineers
report [KiQd and Burnett, 1981, p. i];=“It has been proven
conclusively many times ﬁhat CAD can improve the,proéucti;ity
of the desigher/dréf??mgg\sy facﬁors of between 2:1 and 5:1
depending upon the applicééi?ns.“- |

The eguation used to estimate the 1990 and 2000 labor

coefficients for Drafters incorporates these two effects:

Fl

t 77 77
lgy =a(l=8)(1-v)lgj + (l-a)lgj . 3)

loo

t -
where lgy is thelabor requirement for Drafters per unit of

. ' 77 ;.
output of sector ¥ at time t; lgj is the labor coefficient

for  the base year (1977); a is the share of Drafters affected

by CAD; B8 is the share of affected Drafters who are replaced by
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1CAD- and Y measures the increase 1uj§rafter product1v1ty attribu-

table to CAD. This f1rst berm of Uhe equat1on is added to the

remaining {unaffeoted) portlon to produc“ﬂthe new coeff1c19nt.
&

Already by 1985, computer baéﬁd graphlcs terminals are

expected tO number at least 75,000 [A&lan, 1982, "'p. 96 Accord-
. 4 . . . . ?
ing to DanMuria of the United Auto Workers, by 1990 there will
_ ' , _ . . -4
be no Drafters employed in/tne Auto industry, We assumed

>

that under Scenario $2 5¢% of all Dréfters.wi}l be’afﬁeétedI
1Py CaD by 1990, while % are affected under Scenario §3.»

In the year 2000, th share of Drafters affected rises to

+

90%. and 100%, respeftively. By 1990, 20% of .the affected °
. i . -’ ? o T o
Drafters are assuyed to be replaced under Scenario 52 and

80% under S3, n 2000, these-figures are 50%-and 100%, .,
respectively. /Finally,. we assumed thathAd»imp:oves the

preductivity/of Drafters by a factor of three, Since one"

Drafter‘ug}ng CAD can repiace the work of three Drafters
" using conventional methods, labor requirements decline to 33%

. . ) L
o Of theif previcus level,  a reduction (y) of 67%., These

aSSumgfions are summarized in Table 4,4. -

/ﬁs the last row of the table indicates, under Scenario’

-3

-

Sz.fhe Drafter labor coefficient declines to 63% of the base

/ - o
y%ar coefficient in 1990! and falls to 25% of the base year .

c%efficient in 2000. With a larger share of Drafteré‘affécted
/and replaced under Scenarios $3, the coeffictent is “only 16%

/ of the base year coefficient in 1990 Under th1s scenarfa,.
/ - .
' Drafters cease to .exist as -an occupation by the year 2000.

bl




4 - . .
Table 4.4, Impact of Computer~Aided Design on. Labor
Coefficients for Drafters in 1990 and 2000

o

. i Scenario 852 Scenario $3
. . " 1990 2000 1990 2000
Proportion of Drafters (LAB #15) , N .
Affected by CAD ()@ _ .50 . .90 .90 | 1.00

Proportion of Affected Dfaftprs
Replaced by CAD (g})?

Réduction in Drafter Require-
ments Attributable to CAD (y)@

: Laz%r Coefficients for Drafters as
Proportion of 1977 Coefficient ' .63

-

Ll

2 These parameters.agsmused in Eguation {(5).

L}
C.” Robotics

1. Overview of the Technology | A

Within thé universe of production machinery, industrial
fobots are unique in their programmability, flexibility of

movement, and range pﬁ’functions that allow them to perform

\

tasks that could previously be pefformed only By human labor,
This is wmplicit in the Rébot ‘Institute of America's definition

of -a robot .as a "reprogrammable, multi-fﬁnctional manipulator

designed to move mdterial parts, tools, or specialized devices.

through yariableQ&rogrammed mot ions erhthe performance.of a

'yagiéty of tasks”;[SOCQOIOw} lgﬁ]:.p. 40].

Wwhile industrial.robots vary widely in function and

y -

-00qp1exfty, all include 'three basic components: .tht manipulator

includes. the robot frame and mechanical parts; the controller

-

determines the sequence of motions, .and in the more complex,
. .4 . . -
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intelligent pébdts these motions are programmed with humefically-
controlled (NC) tapes or micrOproéeséors: the motor drives
the robot aﬁd Ean be one of three types, pnehﬁatip9 hydraulic
or eieétric. Electrfc motors_are’most advantage#ﬁs for
.small robots_requiring precise, clean operationgjand low
maintenance.

Robots are currently used in procésses as diverse-as

s

. forging, welding, assémbling, painting and machine tool loading.
T o ’ .
' Acéthing to Ayres and Miller {1983, p, 25], the tasks that
thehcurrénp generation of robots can éccomplish-include loading and

unloading CNC machine tools, die casting machines, hammer forging

machines, etc.; ‘spray painting on an assembly line; cutting I%oth

. ﬁw .
with a laser; making mold8};hanipulating tools such as weldi
‘ _ N Y _ ,
guns and drillsy and assembling simple mechanical and electrical-

parts. The following examplés of robot installa;ions inaicate-
the variety of functions robots are beginning to perforﬁ and
the kinds of labor impacts that have been experienced.

Honeywell introduced four robots "to perform most of
the functions handled by the machine operator" and
claims a 10% increase in production and a $0% decline
in labor costs [Mastez, 1981, p. 78]

Volvo introduced 28 robots into an auto assembly line
to make 695 spot welds, replacing 67 workers with a
"handful of key staff™ (Engelberger, 1980, p.é66].

At John Deere & Co., "Robots are handling 80-85 perceﬁ{
of the painting on each tractor - providing a labor .
saving of $300,000" _ {Vaccari, 1982, p. 131]

"12 die casting machines can be serviced by six robots,
all under the supervision of one operator" I[Engelberger,

1980, p. 145] = .

¥

To date, investments in robots have been made primarily to.

replace unattractive and often dangerous jobs in foundries

124
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and in welding and painting operatféhg in auto ;Bd farm
equipment assembly plants. Far larger labor imgacts await .

the introduétion of more sophistiqatea machine.loédgpg.and
assembly.robots. Assembly robots with rudimentary visual

and tactile sensors maﬁe by IBM are currently used in production
by IBH, Generalnynamics Corﬁoration and Boeing [Marcus,

1883, p. D21, As'én indication of futdfe developmenté,-ﬂitaéhi
has "publicly'annéunced a task foréé of 500 key tecﬂnolbgy

experts to fashionr and install a standardized assembly‘robot
with both visual and tactile sensors, micrqéomputar-con;rol
and mobility, and projected a 60%crobotiéation of its assembly
procesées by 1985" [Aron:T1982,‘p._331.

wWhile concerns over reliabiiity and accuracy in the
performance of work tasks and over the health gnd-safety of
workers may affect the decision to invest in robots, the
overwhelming determinant is reduction of labor costs. As
Engleberger, the president of the largest maker of ro?ots,
has said, “IndUs;rials are mildly interested in shielding
;orkers Erom_hazardousiworking conditions, but the key
motivat;r-is the savings of labog costs by supplanting a
human worker with a robot” [Epgleberger, 1580, p. 103]. Ayres
and Miller [1981; p. 251 also found that "SUrvéy respondents
overwhelhingly ranked effdrts‘to’reduCe labor Cost:asétheir

main motivation" for installing robots. According to one

executive, upper management sees the robot "as a way of

magically substituting dependable machines for difficult-to-

manage personnel" (Teresko, 1982, p. 38]. . A survey of robot
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ysers {Frost and Sullivan, 1979j found that countering labor
instability was a major factor in the decision to %urchase‘
robots. o

These advantages have led market analysts to pfoject-
annual growth rates of .30-40% for.£he robot market through
1990. Robot purchgseé increaseq from about $100 million in
1980 to $150 million in.1981; ,bespite the severity of the
1982 recession, robot sales reached $185‘milliqn in that l w
year, a rise of 23% over 19‘81 [Hoard,' 1983, p. 12)}. The ].‘39"01

‘market has been estimated by most analysts to be about $2

‘billion and projections of the number of robots that will be

sold in that year rahge from 21,000'£o 31;000. ‘After surveying

these projedtions, a recent Upjohn Institute study codncluded
that a stock 0f 50~100, 000'1ndus£ria1 robots would be in
blace in 1990 [Hunt and Hunt, 1982, p. 431. ffhislrepresents
51gnificant 1ncrease over the estlmated 4,700 industrial
obots in use at the end of 1981 [Robot Institute of
geéica, 1981, p. 3). Unfortunately, thesé‘grojectiqns are
A

sually made without specifying either the underlying assumptions

oncerning future economic.conditions or the unit prices in

hichithe estimates are expressed.

The increasing production and use of industrial robots

1

in tha U.8. will affect the capital, 1ntermed1ate lnputs and

éa

labor requ1rements of many ‘industries. In this study, we
conSLder only the diffusion of 1ndustr1a1 robots of currently

a allabJe technology. These include simple plck—and-place_
robofs'és well as programmable point to point and contlnuousf
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path reobots with elementéry visual or tactile'capabilities.
While most industrial robots are currently used to perform

painting and welding tasks, in the future most robots will .

1

be used for macnine_teading and elementary assembly operations,
and this increased scope is reflected in our -projections.
‘We have assumed that 1ndustria1 robots wil be

'used exclusively in manufacturlng 1ndustries. According tora /

)

report of -the Japan Industrlalﬁsobot Assoc1ation (JIRA), :/{{

manufacturing industries are expected to account for 87% of/
ce : ’ . S
the demand for industrial robots in Japan as late as 1990

[Japan Economic Journal, 1981, p. 7). Since Japan is
pioneering the application of industrial robots to non-

manufacturing tasks, it is likely that an even higher share

) . + ’ ’ ' . .
of robots will be confined to the manufacturing sector in the

h

United States. In this report we do not consider their future
use in Ehé mining and service séctocs or in the hpme.

We assume an average 1979 robﬁt price of $70,000, Coe
a figure that lies within’ the ranée implicit in the 1ite:ature;2_
Qur repfesentatioh of the robot;producing éeétor, IEA #86, assumes
that an average industrial r&bop includes certain peripheral
equipment that is net manufactured but is passeéd aleng by
the robot producer} increasing its pfice bg 20% to $84,000.
J . Finally, since tﬂé indﬁstry was insignificant in size

until the late 1970's, we assume.that the Robotics sector

<

2ror example, dividing Aron's estimates of the value of the
1980 robot market by the number oE robots sold gives a price
of $78,000 [Aron, 1982, p. 32]. 'A similar calculation with
Conigliaro's estimates produces a 1980 price of $68,966

[1931, p. 8],
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-

first began producing industrial robots in 1977.
The next section deéﬁribes the cépital'(B matrixi,
_intérﬁediate input (A matrix), aﬁd labor (L matgix) fequirémenﬁs
of the sector producing robots, IEA #86. -These three columns
are estimated for 1977 and, in ﬁhe‘absénée of aadi;ional,
information, are assumed to remain'unchanged in futuréiyears:l
The following section desé;ibes"the aésdciateé éhangeé in th;

input structures of robot-using sech;s for 1980, 1990 and

2000.

2. The Productfﬁn of Robots

Capital Coefficients

Column #Bﬁ_of the B matrix repregents‘ghe'amounts
of the various kinds of plan£ and equipment ‘that are required
to increase the capﬁcity of the Roﬁoticsléectof by one uni;.o'
Siﬁce government data -are not yet publisﬁed for the Robbtiés
industry and we wer; unéblg to éuryey roboﬁ manufacturers on
tﬁis question, we based our éstimates‘of these capitai
requirements on those of a similar indﬁstry. Although robots
have much in common with méchine‘tOOISrlmetal fabrication
plays a Eey rqie in the productiqn process of the Metalworking
Méchinery IEA #46 sector, while robots are manufactured
primarily by assembling purchased cbmponents. The-pfocess
used to manufacture computers, is, like that of robotics, _
dominated by the assembly-of relatively_émall parts (incluging
electronic components). We used thé 197ﬁ column boéfficie;ts

of the Computer sector (IEA #50) for the Robotics séctbg

with a single exception: the -tomputer requirements of the
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Compu

. AN
ter sector (bsg,50) were judged to be too large

for thé Robotics sector and this coefficient was replaced in

_column #86 by the coefficient that describes the purchases

of computers by the Metalworking Machinery sector (bsg,qg)-

-

The resulting column Of the B matrix for the Robotics sector

is showﬁzﬁn Table 4.5,

Table 4.5.

Largest Capital Coefdicients for the Robotics

Sector in 1977 (Capital Requirements per Unit

Increase in Capacity)

: Code

Sector

Capital
Coefficient

122
45
46
47
48
50
51
52
53
56
60
61
65
71
172

Other Furniture and Fixtures '

Materials Handling Machinery and Equipment
Metalworking Machinery and Equipment -

Special Industry Machinery and Eguipment
General Industrial Machinery ‘and Equipment
Blectronic Computing and .Related Equlpment
Office Equipment, except IEA #50

Service Industry Machines

Electric Industrial Equipment and Apparatus
Radio, TV, and Commun1catlons Equipment
Miscellaneous Electrical '‘Machinery and Supplles
Motor Vehicles and Equipment

Optical, ophtHalmical, and,Photographic Equipment
Wholesale Trade : "

Retail Trade

©.0253
.0974
.0491
.0522.
.0386
.0114
. 0080
L0071
.1424.
.0682

. .0078
. ,0617
.0208
.0415
.0093




Intermediate Input Coefficients

-As in the case of the capita} coefficientsl(BﬂmatrixI,
our egtimates of the intermediate ingytfrequirementslfor the
production of robots were based on data Eérla comparablé‘
sector in the A matrix fgr 1977, Despife the differences
between the two sectors pointed outﬁin the last section, we
judged that Robotics (IEA #86)'requireq a similar mix of
materia;s and parts as Metalwdrking Machingry and Equipment
{IEAH#46) after making several major adjustmenté concerning
purchaSes of industrial contnols Erom IEA #53 steel Erqm;
IEA #36, .and perlpheral equ1pment Erom IEA #45.

The controller is a key c0mponent of all robots and
estimates glven in various sources suggest 7% as the share of
congrols in the value of a robot. These controls are purchaseq
from Eiectrical Industrial Equipment;tIEA #53; We have
aésumed that Ehe computer (micfoprocessor) coméonent of a
robot is included in the controller_and‘consequenyiy no
direct purchas;s are made by Robotics ffom the Computer and
SemiCOnductor sectors; ) '

The use of steel per unit of o&tput_in the méchine tool
industry (.077) was significantly reduced to reflect the
priﬁary role of assembly of purchaged pérté in the robot
'manuﬁacturing process, . Purchases from PrimarY‘Iron aﬁd :
Steel Manuf%ctdﬁing} IEA #36,-arelassumed to.be 2 cents per
dollar of robots (0.02) in 1979 prices; This compares to a figure

E

of 1,2 cents (.012) that can be derived from William Tanner's

estimates .[Hunt and‘Hung, lQB%{ Table 4,3}.,
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\\.
’g large part of the costs of a fdlly instali&d\robot,
‘ cénsists of materials handling equipment and end-of-ﬁrm
toblin97’ To represent these purchases, we assumed that\fhe
robotics industry purchases this eduipment‘and passes it K
along €o the buyer with the_robot. From a study by T&nner
- and Adolfson [Hunt and Huﬁt, 1982, pp.'36-?], we estimate _ -
that 15% of the value of the robot (including the péssed
along robot-related equipment) consists of ha£érial$ handling
equipment (primarily conveyérs,,éart orienters and ‘guard |
-rails) manufactured by sector fEA #45. In addition,
5% of the value of a robot is estimated to consist of‘end-df-
arm toollng, purchased from the machine tool accessories
portion of Metalworking Machlnery, IEA #46. We assumed that
the value of tools accompanying the robot that would ‘otherwise =~
. have been purchaséd'directly by roﬁot-using sectors is
negligible'in size and made no-COmpensahing adjustments.
ﬂitﬁ thesé changes, the inputs increase by 20% of the valbe _- .
of Robptics output. To combensatg for this increase, the
remaining coefficients were diyidednbyllrzo.
AsS fable 4.6 shows, most of the intermgdiate inpugs used
in the manufacture of robots are-assumed to be purchased h
from four sectors: IEA #53, Eleé;giéal Industrial Equipment
(industrial controls and electric motors); IEA #49, Misqeliéﬁeous
Machinery (hydraulic and pneumatic cylinderé, and_othen parts):"
IEA '#48, General Industplal Machlnery {hydraullc and pneumatic
motors and power transmission equlpment); and IEA #36, Primary

1

Iron and Steel. The other large inputs, IEA #45 (Materlal
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Table 4.6. Intermediate Requirements for the Robotics Sector in 1977
(dollars per dollar, 1977 prices)

Code Sector - Coefficients?

30 Petroleum Refining and Allled Industries . 0175 .
31 Rubber and Miscellaneous Plastic Products o .0042
35 Stone and Clay Products : : 0042
36 Primary Iron and Steel Manufacturing - E ,0200P
37 Primary Nonferrous Metals Manufacturing © L0150
39 Heating, Plumbing and Structural Metal Products .0050
40 Screw Machine Products and Stampings »0050

' 41 Other Fabricated Metal Products 0066
45 Materials Handling Machinery and Equ:L;ment - .1500°
46 Metalworking Machinery and Equipment _ .0558d
48 General Industrial Machinery and Equipment . . -.0133
49 Miscellaneous Machinery, except Electrical . ,0220
53 Electric Industrial Equipment and Apparatus ~,0800°
55 Electric Lighting and Wiring Equipment ' ‘ .0008 -
60 Miscellaneous Flectrical Machinery and Supplies L0008
61 Motor Vehicles and Equipment : . 0017
64 -Scientific and Controlling Instruments - : .0025
67 Transportation and War:ehousing _ 0092 .
68 Communigations, exce gudm and TV - T L0042
70 Electric, .Gas, Water and Sanitary Services . 0083
71 Wholesale Trade , _ .0208

"~ 73 Finance ' ' . 0050
74 Insurance _ -~ L0017
75 Real estate and rental .0075
76 Hotels, Personal and Repair Servmes exc., Auto .0017
77 Busihess Services _ ‘ _ .0208
78 Eating and Drinking Places .0083 -
79 -Autamobile Repair Services : .0008

@ The source of these coefficients is the 1977 IEA column for Metalworking| -
Machinery, IEA #46, in 1979 prlces unless otherwise noted. See text forj.
further expla}'natmn. .

b Reduced from .077. '

C This represents tl'f Materials Handling Equ:Lgnent that is passed along to
the purchaser.

d Includes ,05 for end-of-arm tooling and .0058 for other inputs’ Emm -
Metalworking Machinery.{IEA #46). “

€ Includes .07 for controls and .01 for other purchases from IEA #53.
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Handling Machinery) and IEA #46 (Meta;working Mabhinery),
consist of robot related equipment that is passed along to the

using industry.

Labor Coefficients

Estimates of the labor required per unit of oﬁtpﬁt in

the Robotics industry were based on discussions with the

personnel department of Unimation, Inc., a firm_that-accounts-

for almost half the robots produced in thj\U.S. Table 4.7h

showss that four pgcupa;ions account for mgst of the employment:

Engineers (27%), Managers (9%), Clerical WOrké}s (16%) and
" Assemblers (15§). The occupational composition repbfted o
by Unimation for'198§ wag assumed for the fobotics industry
as a whole'in 1977 and-supsequenﬁ years. |
Labor coefficients were computed by dividing employmenﬁ
in each ocqupation by an estimate’of.Unimation's 1982 output, )
'$72 million. IThgsewcoéffiéientgkwere used to describe 1977 1ébor'

requirements and are shown in Table 4.7.

L

3. The Use of Robots: 198Q, 1990, 2000

Capital Coefficients

<

The future uée of robots in each sector is determined
in the IEA database by two parametefs. The first is an
expansion coefficient, which measures the investment in
robots required to éxpand capacity by one unit. The secénd

,is a modernization coeﬁficient which describes.thé annual
investment in robots per unit of output in the absence of

expansion. Both éypes of capital coefficients were deduced
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Table 4;7.\ Labor Coefficients for the Robotics Sector in 1982'
(workers per million dollars of output, 1982 prices)

ks

Corresponding
P Occupational " Labor
‘Occupation. Composition® Coefficients

Electrical Engineers / 12.1% 1.10
Industrial Engineers : 242 : «20
Mechanical Engineers .40
Other Endineers «75
Computer Programmers .19
Computer Systems Analysts .08
Other Computer Specialists .03
Personnel & Labor Relations Workers - .03
Other Professional, Technical .74
Managers, Officials, Proprietors P -
Sales Workers ' .36
. Stenographers, Typists, Secretaries .51
Office Machine Operators .08
Other Clerical .83
Electricians - .08
Foreman, nec .07
Machinists _ . .21
Other Metal Working Craft. Workers 14
Mechanics, Repairers .07
‘Assemblers ! 1,34
Checkérs, Examiners, Inspectors w25
Packers and Wrappers .04
Painters .06
Welders, Flame Cutters .08
. Other Operatives .51
Janitors and Sektons. .04
Laborers .06
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Total . S ' 9.07

aReported by Unimation, Inc. for 1982.
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from estimates of the future stocks of robots held by spch
 sector per unit ofhougput ==, an average robot to output
ratio ;- in the absence of expansion. |
The estimates of average robot capital goefficients
were developed 15 3 stages. First, the 1980 stock of robots
was estimated for each robot-using industry. SeCOnd,.ﬁhe
increase in the aggrsgate robot stbck rsqqiréq to produce the
same level of output using the averags technology iﬁ placelin
1990 was projectsd. Flnally. these 1980 and 1990 stocks
were d1str1buted to each of 43 robot-using 1ndustr1es.
Because of the small number of industrial robots 15 use
before 1977, we began'%ylestimatiho avérage robot capital
coefficients (the stocks of robogs held per unltfof output

i

for each using 1ndustry) for 1980. and this serves as our ”

base year for the projectlons to 199 ‘and 2000. K $84,000
each, “the estimated 2600 robots in use 1n 1980 represented a

stock of $218.4 million. .

L] o i

There is at.present no systematid’collection of data on 7

£
-

the stocks of robots held by industry. Howevér. a study by
D] - -

Frost and Sullivan used survey data to estimate the sales of |

robots to 13 manufacturing industries and industry groups for

1979 (Frdst and Sullivan, 1979, p. 135]. A recent -Society of

Manufacturing Engineers Delphi study on robotics presented

estimates of.the share of the robot market purchasgd by the

-

Auto and Aerospace industries and the Casting and Foungry,
Electrical.and Electronic, Heavy Manufacturinglsnd Light

Manufacturing industry groups [Sglith and wilson, 1983, p. 48].

-
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These two sources were supplemented by information in trade _

journals to estimate the distribution of industrial robots

by sector,

*

e

These data are assembled for 1980 in Table 4,8 which shows

.,
.

that primary metals and metal ﬁabfication industries (IEA #36§
. ) o

41) accounﬁ for 35%,-and aﬁto'and;fafm equipment producers
hold another 23% Of the stock of robots, .Almost 14% are held

. by producers of electrical equipment 5&53-56), and- 5.3% are |

I

used for aircraft production. The estimated shares for 1990
and 2000 are alsoc shown in thi#s table {the changes from the 1980
distribution are explained befbw). The aveEage coefficients

for 1980 were computed by dividing each component of the 1980

vaector of robqt'étoéks (théﬂshafes multiplied by the aggregate

stock) %y'the corresponding component of the vector of 1980

-

outputs, all .in 1979 prices.

Despite a stagnént economy, investhent by manufacturers

in robots has gféﬁn rapidly in;ﬁhe last féy yéars. In our
projections weqassﬁﬁe that ‘under the‘hiQh diffusion scenario,
s3, thé.;vérégg use_of robots per unit of output wiii,gfowh‘
at a real-rate of 25% a year. .Undér“Scenafidﬁs2, 2 15% féte
of growth is assumed. These estimated g;owth rates are5us;d
lto compute ;he.stock of cobots thét will be required in 1990

to produce base year (1980) levels of output.

L




Table 4.8. Dlstr1but1on of Robots by Sector .

.. - in 1980, 1990 and" 2000,

'._('pércenf:agqs)

y

Code Sector

12
713,
21
22
26
27
24’
;29
31
34
35

36

37
38

39

40
41
42

.43
44
45
46
47
48
49
50

51
52
53
54
55
56
57
58
59

- 60

61

62

63

64

65

66

86

/

Ordnapce and Accessones .

Food and #indred Products

Household Furniture .

Other .Furhiture and Fixtures

Chemicals and Selected Chemical Products
Plastics and Synthetic Materials

Drugs, Cleaning and Toilet Preparatlons
Paints and Alliad Products f

‘Petroleun Refining and Allied Industries

Glass and Glass Products

Stone and Clay Products

Primary Iron and Steel Manufacturmg
Primary Nonferrous-Metals Manufacturmg -
Metal Containers '

‘Heating, Plumbing and Structural Metal Products

Screw ‘Machine Products and Stampings
Other Fabricated Metal Produe[.s
Englnes and Turbines )

Farm and Garden Machinery
Construction and Mining Machinery

. Materials-Handling Machinery and Equipment

Metalworking Machinery and Equipment
Special Industry Machinery and Equipment
General Industrial Machinery and Equipment

" Miscellaneous Michinery, except Electrical

Electronic Computing and Related Equipment
Office Equipment .

service Industry Machines

Electric Industrial Equipment and Apparatus
Household Appliances .

Electric Lighting and-Wiring Equipment

Radio, TV, and Communications Equipment

Electron Tubes

Semiconductors and Related Devices

Electronic components, nec

Mi'scellaneous Electrical Machmery and Supplies
Motor Vehicles and E:qu:Lgnent

Aircraft and Parts

Cther Transportation Equipment

Scientific and Controlling Instruments

Optical, (phthalmical, agg Photographm EC_[Ulpment
Migcellaneous Manufacturing

Robotics Manufacturing

Total

+1980

1.76%
+ 1733
.27
.27
1.40
.50
.62
.13
1.76

022 Y.

1.11
12.40
8.10
1.7%
4.60
3.54
4,60
.58
3.10
.93
.2_6
.62
.49
.88 "
.53

1060 )

+60
.60
2,65
4.73
1.70
4.73
022
.71

1.20 .

20.00
5.31
1.50°

.09
.09
022
010
100.00

. 1990, 2000

2.64%
4.00
" .40 .
- 240
2,10
W75
.93
.20
2.64
. 033
- 1,66
6.20
4,00
.80
2.30
1.77
2.30
.87 -
2.80
1,40
.40
.90
.74
1,32
.80
2.40
.90
-..‘90'
4,00
7.10 -
2.60
7.10,
. .33
1.10
1.80
2.50
18.00
4.80
2.25
.14
'.‘14
~33
.15
100,00




g (
The next step was to distribute the 1890 stocks among -

robot=-using industries. The first generation of‘industrial
robots has been concentrated in the foundry and casting ({IEA

. $36-41), Farm and Garden Machinery (IEA #43), Motor Vehicles
(IEA #61) and Aircraft (IEA #62) industries (see~Tatle 4.8). -
However, with the application of robots to'assembly, materials
handling and machine tending, the shares of -the aggregate
stock held. by these industries can be expected to fall and
the sectoral distribution of installed robot3.shoyld become;
more equal. Industrieffusing_saall batch techniqnes {IEA

-

#@4-53) to produce'metalvparts, equipment and machinery will
increase their use of robots for tool changing and materials
handling. The shares oﬁ aggregate robot stock held 5§ 1ndustries
whose production,processes are characterized primarily by

K assembly and packaging tasks'ﬁe.g., Household Appliances,

IEA #53, Radio and TV, IEA #56, and Food and Kindred products,

-

IEA #13) can also be expected ;;gincrease in coming vears.

As shown in Table 4.8, th proportion of robots held by
sectors IEA #36-41 .in 1990 and 2000 is half the 1980 value,
while Farm and Garden Machinery (IEA #43). Aircraft (IEA
#62) and Motor Vehicles (In% $61) each decline by 10%., The

. proportions held by all other industries are assumed to
increase_byzsq%, with the exception of Food Products (IEA
#13), which rises by 300% in anticipation of the widespread

applica{ionfof robots to materials handling.and packaging

which¢play particularly important roles in this sector.
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The product of these sector shares and the préjected aggregate

. robot stocks yields estimates of the average use Qf robots
by sector for a given {1980) level of ouﬁput in 1590.
,b:'- The annual increase for each sector in the stock of
robots between‘1980 and 1990 that will be used to produée a
given 11980) level of ouﬁput can now easily be coﬁpdtgd.
These modernization (labor replacement) coefficients3 describe
the investment requirements in the gbsencé of expansidn“ahd
are assumed to gfow through 1990 and then to remain at these
1990 values through 2000.

The capital coefficients governing expansion ~- row #86
of the B matrix -- we;e'deriyed from thése (aﬁerage) ratios.
of robot stock to secﬁoral output. For-iQBO, we assﬁme
that the capital coefficients were the same as thé avérage
coefficients for that year., ' For 1985 the capital coefficients
(robot requirements in new plants) are assumed td be the
same as the average cqefficients (robot requiremeﬁts in the .
average plant) for 1990, IAs a-result'of improvemgﬁgé in the

current generation ©f robots and an increased awareness of

2

their capabilities, these capital coefficients are assumed

to reach their maximum values in 1985 and to remain constant

z -
thereafter.

3The corresponding reductions in séctoral labor coefficients
are described below. ’
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v i .

Intermed1ate quut Coefficients ' e

The increasing use of 1ndustr1al robots is 11ke1y to
have some effect on the use of paint per unit of output,
and this is the only intermediate input considered here,
Robots can be programmed to'aﬁply an identical coat of paint
to each object, Qith the rgsult that "in spray pajnting operations.-
it is not uncommon to achieve a 10°to 30 percent savings in

'materials” [Teresko, 1982, p. 39]. According to The American

Machinist [Vaccari, 1982, p. 134], a Deere & Co, Spokesperson

claimed that the use of robots 1n the painting of tractors
" has reduced paint c0nsumpt1on by about 13%.
These estimates of the savings in paint apply only to

the portion of the painting tasks that has been robotized in ,

e

each industry. Painting robots are most easily introduced ihto\

“

large scale, standardized Operatfdns. Thug, some workers

o

operate automatic machinery for which robots are,not appli-

cable, while others use spray guns on small, specialized-\
N

jobs that will notvbe robotized. ‘ N

were projected according to the eguation
£ 77 .t
azgj = (l"aﬂt) azgj {6)

where azgj ls the paint used per unit of output of industry j
!
; 77 . o -
“in time t, a29j is the paint coefficient in 1977 (the base-

year), BY is the pdrtion of painting tasks performed by robots

1
[

I

-3The corresponding reductions in sectoral labor coefficients
are described below, S
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in time t, and o is the percent savings in paint that follows
from the use of robots. The savings in paint a was assumed

i
to be 20%, angd the portlon of painting tasks robotized under

each scenario was based on rough estimates of the share of

the painters that will be feélaced by robots in 1990 and

2000. We assumed that 15% of the painting tasks in 1990 and
' 25% in 20Q0 would be performed by robots under Scenario Sé.

Under Scenario $3, these figures were assumed to be 25% and

40%, Fespectively.' Table 4.9 summarizes these assumpeions

and shows that the new paint coefficients range from 97% of

the 1977 coefficient in 1990 ‘under Scenario-£2, t£0.92% under

S3 in 200C.

1

Table 4.9, Impact of Robots on Paint Reguirements
per Unit of oOutput in 1990 and 2000

Scenario 82, . Scenario 83
1990 2000 © 71990 2000

Proportion of Paint . ' .

Proportion oE Palntlng
Tasks Performed by
Robots (8)

Paint Coefficient as
Proportion of 1977
Coefficient

aComputed as (l-agt) in Egquation (6)
' i




4.38

¢ R
¥
[}

Labor Réquirements .

The growth in the use of robots wilI 1ower.the labor
reguirements for a number of production gccupations while

increasing the need fdr'Robot Technicians. These effects are

-y,

directlf_associated with the number of robots in place,‘wﬁich

is computed endogenously by the IEA model in each year from 1277
to 2000, Changes'iﬁ labor requiréqen;s for six occupatioﬁs ére
estiméted through the use of a matrix of "displacement®
'coefficients, reéresentin@ theknumber of workers in each occu-

-

pation and each sector displaced by a million (1979) dollars

worth of robots. These coefficients were computed by weighting

a geﬁeral displacement rate (3 workers displacéd per rbbot)
by the proportions of a given sector's stock of rbbots assigned to °
applications areas that correspond to_% produgtion 6cgupation§,
divided by the average unit price of a robot, $84,000. 'fhe
same p:océdure waslfoliowedAfor Robot Téqhnicﬁans, excépp
that- the entries in “the corresponding roéxof‘the dispiscement
matrix have the opposite sign fro;_the otﬁer‘occupations. |
We estimated the share of the robots held by each 'sector
that will be devoted to five areas of application: -welding,
painting, assembly; machine tending and miscellaheous materials
handling. The first four‘of‘th?se_applications affect workers
in the following IEA catgories: ‘Welders and Flame Cﬁtters_
(LAE #43), Paiﬁters (LAB #42), Assemblers (LAB #39) and Other
Operaﬁives (semiskilled machine operagors) (LAB #46). Materials
%

handling robots were assumed to replace two categories of workers,
, =" .

Packagers and Wrappers,(LAé $41) and Laborers (LAB #52).

142




Vot

The results of the'ﬁost recent attempt io'projeét the
share of robots by application to 1990 [Hunt and Hunt, 1982,
pP. 42] are reproduced in Table 4.10. Unfo?tunateiy, this
s;udyldistinéuished only the auto industry and “Other Manﬁa
Eactgring.“ We assume that in 1990 Farm and Garden Machinery
(IEA #43), Aircraft {IEA #Gé), and Other TfaﬁSpSrtation
Equipment  (IEA #63) will use the same share of robots in
each application area as the Upjoﬁn Institute study [Hunt
and Hunt, 1982, p. 42]'pr05ects-for Motor Vehicles (IEA #61}.
For most of the-remainind seetors, materials handling rpbqté
(i.e., those used primaéily for packaging and in automated

-warehouse systems) were assumed to make-ub 10% of each industry's

Table 4.10 U.S. Robot Population by Application in 1990

Autos | All Other Manufacturing Total
Application| Range of Estimates Range of Estimate |Range of Estimate
Low High -Low High Low High -

Welding 3,200 . 4.100 5,000 10,000 8,700'H“14,100
(21.3%)  (16.4%) (15.7%)  (13.3%) (17.4%) (14.1%)

Assembly 4,200 8,800 | 5,000 15,000 9,200 " 23,800
(28.0%)  {35.2%) (14.3%)  (20.0%) (18.4%) (23.8%)

Painting 1,800 2,500 3,200 5,500 5,000 8,000
' (12.0%)  (32.0%) (9.1%) {(7.3%) {10.0%)  (8.0%)

TMachiné : _— :
Inading/ 5,000 8,000 17,500 34,000 22,500 42,000
Unloading (33.3%) {(32.0%) {50.0%) {46.0%) {45.0%) (42.0%)

Other 800 1,600 3,800 10,500 4,600 12,000
‘ (5.3%) (6.4%) (10.9%) (14.0%) | (9.2%) (12.1%)

.15,000 25,000 35,000 75,000- 50,000 100,000

Source: ([Hunt and Hunt, 1982].
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installed robots. In the food, chemiéals, glass and stone
processing sectors (IEA #13, 26-29, 31, 34-35) the réﬁaining

share {90%) of the robot stock was allocated entirely to machine

1]

tending applications. 1In primary metal pracessing (1EA - #36,
37), 10% of the robots were assigaed to welding, reduciné
‘those in machine ténding operations to 80%., The remaining
metalworklng sectors (IEA #12, 38-42, 44-49, 52) were assumed
to use half their robots for machlne tending, 20% for welding
and 203 for assembly and 10% for materials handling tasks.
Finally,‘tﬁose industries specializing in assembling opérations
(IEA #53-59, 64 and 65) were assumed to use 30-60% of their
robots Eor-assemb}y.

Recent evidence Erbm Japan saggesta that among the most
advanced robots currently in use, displacement rates of 2-4
worke;s per shift are possible. A study publlshed by the
Japan Industrial Robat Association, [1982] includes the

follqwing.examples: i
Arc welding system for two types of Farm Appliance
Components. . . . The number of workers required in
this process has been reduced from 3 to 1 [p. 352},

Automatic System to continuously operate five die cast
machines with only one worker. . . . The operation ¢f
five die cast machines needed five workers -~ one for
each machine before the robot was lntroduced. Now they
can be satisfactcrily run by only one person [p. 364],

~ System for autematically piling up and cooling down
aluminum ingots cast by a continuous casting machine., . . .
Formerly, four workers had been needed to pile up ingots,
but one operator is now able to attend to the entire 11ne
satisfactorily {(p. 374].

Full automatlc mount;ng system for semiconductor chips. . . .
One automated machine can perform work which, if carried

out manually as before, would have reguired 6 workers

(p. 234},
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‘These examples appear to lie at the high end of the. =

spectrum of displacement .rates appearing'in_the literature.
Displacement ratéslof 1.5 workers per shift in die‘casting
and two woriers per shift in presé work are cited in [Engelberger,
1980, p. 153, 145}, A Battelle Memorial In;titute survey of
zfive German factories {(Ayres and Mfller, 1983, p.;i31“states
that the aVerage diSplacement per robot is 1.5 workers: per
shift. Based on 1.5 workers per robot and 2-shift Operations,
we assumed that three workers are diSplaced per robot,
The literaturé alzo suggests that one robot technician
will be required for every si# fgbots_per shift (Freedman,
1982, p. 34; Engelberge}, 1980; ﬁ. 145] With two shift
operatlons. two robot technlclans would be required for
every 6 robots.',
These‘rates-were used to coﬁpute the number cf wofkers
dlsplaced (or emglozed in the case of Robot TechnLCLans) in
each occupatlon per mllllon dolliars of a glven sector' s‘
robot sto¢k, Displacement (employment) coefficients are
presented in Table 4.11 for three sectors. They indicate
that Other Operatives (semiskilled machine operators) (LAB
#46) are those most affected by robots in the Primary Iron
and Steel sector, while "Assemblers (LAB #39) are most aEfected
in Household Appliahces:' Direct displacement by robots in

the motor vehicles industry is greatest for Assemblers,

Machine Operators and Welders (LAB #43),

L} -




Table 4. 11. \\\\

D1rect Laber D1sp1acement by Robo s

for .Three Sectors
(workers per million dollars of robots, 1979 pricesQ§

Primary Iron g \\
) i and Household Motor
Code Occupation Steel (#26) |[Appliances (#54) Veh1cles (#@k)

39 assemblers | o” [ .-14.30 ~ -10.10

41 Packecrs -
and Wrappers ‘ . ‘= 1.43 - .72

42 Painters . 0. - -1.78 | - a.33

43 welders and ~ 3.63 - 3.57 - 7.58
Flame Cutters

46 Other Machine -28.50 -12.50 ' ~11.80
Operatives ' Co o

47 Robot | c3.97 C3.97 3.97
Technicians ‘

52 Labeorers ~- 2.18 ~- 2.14

A

Mést industry observgrs expect that the éccuracy and
dependablllty that robots bring to,production will 51gn1f1cant1y
affect the need for inspectors and checkers. We d1d not have
enqugh.informati9n to apply‘khe above methodology toe 1nspe;tors.
Instead, we based our eétimates of the change in insbector
reduirementgégp the results of two recent studies of the
labor impacts of robots. The Delphi Forecasts on robots
conducted by the Society of Manufacturing gqgineeré [Smith,
and Wilson, 1982] conclgded that the amount of inspectors "who
will actually be displaced by robots" will be 8% in 1990 and
15% iﬁ 1995. Based on a survey of robot users, a Caqﬁegie-ﬂellon
University study concluded that Level 1 robots ("similar to
those on the markét today”) could do 13% of the jobs currently

done by inspectors in metalworking industries [Ayres and
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Miller, }981, p. 29]. Using these figuFes as a rough'guideliné,
| we assumed that the'IhSpectors iLAB'#40) required per ﬁnitu
output in 1977 would fall by 8% by 1990 under Scenario §2 .

and 13% under 3. By 2000 we assumed a decline of 20% under
$2-and 30% under's3." ‘ -

3

D. CNC Machine ?ools

1. Overview of the Technology -

Hﬁ?&, , Machine tools are power driven machines designed to

cut and form metal. Metal cutting machine tools include
turninq (lathe), boring, driiling and milling mac?ines, while
Imetal_forming machine tools consist primariiy of presses,
forges, and bending, punching and forming machines. -Tﬁe most

significant innovation in machine tool design in this century
. .

\ took place in the 1950's with the development of numerically-

,controlled (NC) machine ;ools.{ Whereas the use:of‘conventional
ég?ls was dependent upon the operator, NC tools could be
prbgrammed to follow a predetermined sequence of steps. As
Duke and Brand have written, NC "machine ‘tools are controlled
by inskyuctions qhich are programmed and- then punched on a -
tape. Iﬁgormation-from the tépe is converted ihto ins§ructions
which posit}on the tools with respect . to the work piece;-no

1 i -

templates, drjll jigs, or stops are used and manual operation

kY

-

is not neéessary“ [Duke and Brand, 1981, p.311.

The potentfé; advantages offered by NC equipment are
consid?rable. Sufgeys of Nﬁ users have been éonducted by an
MIT group headed bf\Robert T. Lund and by Frost and Sullivan,

a market research firm. Both found that NC tools reduced
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machihiﬁg.time per part, the ount of sctap'predeced.'and
-8et-up time. In addition; b tQ\ifrveys_fobnd that-tpe increase
'in‘management control of the work: pacée was sigqifieaﬁt (Lund,
1978, p. 25: Frost and éullivan,zlgsz, p.\lgﬁj.l Howeber,__
despite expectations'bf manyfandustrf obserters in the late
1450's and early 1960's ttat these adVantages would-cause NC
-tools to.revolutionize the productlon process 1n metalworklng

industries, only 2% of the machine tools in these 1ndustries

had numerical controls by 1971.
The fallure of the market for NC tools\to take off in

the 1960's can be attributed to the high initial'investments

{both in the tools and in personnel) that were required,

maintenance problems, programming inflexlblllty, and manager

and worker resistance to change (Lund, 1977, p. H-56]. By

the late 1970's these disincentives to. the dl;jESion of the

NC tools began to dlsappear. -Between 1963 and~ 1973 ‘the NC
share of .the total number of machine tools shipped fluctuated
between .6 and 1,0%. _This figure rose to 1. 6% 1n//§77,
2.1% iﬁ“I??Q; and 2.7% in 1980. - Between 19?2 and 1980, the
NC share of the value of shipments of machlne ‘tools almost
doubled, from 13.4% to-26.2% [ﬂund, }9?&} p.H-Glé National,
Machine Tool Builders Associatiou, 1981, pp. 93, 100].

An increasing familiarity with programmable machines,
impro&ements in guality, and lower relative NC machine costs
help to explain this rapid increase in thefNC share of the

" market. At least as important, however, was the development

of computer—-numerically controlled (CNC) machinery in the
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N

1970's. By ﬁ981, almost all the NC tools on the market \mre -
of the CNC varlety. The replacement oE taped 1nstruct10ns
withAa CRT {visual dlsplay) tirminal and programmlng capability

at the machine represented a significant advance in the M

techno1o§y of machine tool controls because it widened the
. * . . . ) - S
- potential sphere«%{ NC tool applications: -~ first, to large .

plants that formerly useg less flexible tecnnologies (e.g.,

transferiiines); and secénd, to small Qlaﬁts, where the older-

generation of-NC-equipment was‘viewed'as too inflexible, The

use of CNC,machines reduced the programming inflexibility .
and maiptenance problems-assqciated with tapes, while the
"increasing substitution of microprocessors Eorhﬁinicomputers
narrowed the CRC £o NC price'differential.
The most important long-ruq'advahtage of CNC tools is
their potential for linkage with other programmable machines
on the plant floor and to a hierarchy of computers throughout’
the firm. A recent OECD study has emphasized the significance
of this advance over the older“generatien of NC tools:
when a‘part is mach;ned using CNC, a program is fed into
the computer., . . With the help of such a program, which .
is easy to change and which can be easily. found in the
memory, it is possible for a single operative of average .
-skill to produce the part that has to be machined. . .
Combined with automatic handling systems (of the industrial

robot type) it will be able to compete with transfer

The substitution oE CNC for c0nvenC1ona1 tools is certain
to have significant effects on the structure of production
in the metalworking-industries.‘ The following parts of this

. section describe the procedures that were used to estimate

changes in the ‘capital (B matrix), intermediate input (A matrix),
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and labor requlrements (L ‘matrix) per unit of output that

can be expected to dlcur as this substltutlgh takes place

»
Scenarios $2 and 53 are ‘distinguished by ‘the extent of ‘the’
. . 4

St'.l'bstitu_tion .proje%)ed' for 1990 ’gﬁd‘ 2000.

4 £ " \
: 2. The Prodgction of .Machine Tools, 1990 and 2000°

As CNC tco s akeﬁs i uted"fpr1c9nvention51
machines, the input rehuirements”o the producers oflmacﬁine
tools (Metalworking Machinery, IEA #46) will be affectéd. .
In this srudy, we have llmlted these Jffects to the increase .
in the purchases .of CNC controls. S .

In the-early stages of CNC‘devel&pment, the controller
was a minicomputer. A 1978 MIT study describes a CNC tool in

»

which'"fhe.computer"is located on the shop floor,K alongside
the machine,'end machine instructions may be,pbogrammed or
edited at the machine" [Luﬁd,‘19?é, p. 4). . According to an
unpublished BLS case study,-thé cost of the midicomputer was
somewhatlless than 20% of ﬁhe total CNC machine tool price..
However, es.microprocessors eaue replaced the minicomeuter, “
the cost of;ﬁﬂe cbntroller'hasvprbpped to about 103 of the
total prieéf[Fkost and Sullivan, 1981, p. 4]. .
’ PAlthdugh the principal manufacturers of CNC'conﬁrols are e
electronics and machine eool firms such- as GeneralIElectric,
Alleh—Bredley,land Cincinneei Milacron, the?estqplishments
from which they are purchased are classified in the input-
output tebles as ;ﬁdustrial Controls, a‘componeht of the
broader sector, Electric Industrial Equipment and Apparatus
. o, .

(IEA #53). . ’

]




Our estimate of the purchases of industr1a1 contnols by

Metai}orklng Machinery in year t was calculated using the

equation ; - ¢,
t - 17 .
453,46 = G_B + (1- T) 353 46 C (7)
o B P

where o is the ratio of the value of CNC control units (purchased

from sector S$3) to the value of the CNC machine tool output of-
5

-

sector 46,‘ gt is the ratio of the va;ue cf the CNp. ﬁ
machine tool Butput to the total cﬁtput of sector"46uih year
t, as3, 4 is the value of the purchases of Electric
Industrial Equipment (IEA #53) by the Metalworklng Machlnery
1ndustry (IEA #46) per unit of the latter's output, "and Y
is the share of industrial controls {n the purchases of IEA
#53 output by IEA #46, The expression agt ines the value
of the CNC controls in total machine tool output, while ;he
second term represents the cuthut of IEA #53 =--— mihug controls
tha; is purchased by IEA #46 per unit of the latter's output.
The share of the CNC control unit in the cost of the
machine (a) was estimated to be 10% 'in 1979~price5r The
" estimated share of CNC hachine tools in the total machineﬁ
tccl outpet (st) was'based upon its past rates,oﬁ growth
of this ratlp. FrOmI1972 to 1977 the annual rate-was 8.6%;
over the 1977 to 1980 perlod, it was 9.0%. Assuming the 9%
annual rate through 1990 for scenario S2, the 26;6% CNC ’“
share of the mafket in lggb would increase to 63%. Under
Scenario S$3, a 12% annual increase eas assumed, resulting

in a CNC share of 83% by 1990. For the year 2000, the

.CNC share under Scenario'82 was assumed to be BS%Iand
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under Scenario $3, 95%, From the 1977 input-output tableg,

77 77 _ : N
as3, 46 is .019, and -yas3, 46 is .0l2.

Given these data, the coefficient a53;45'increa5es

to .092 by 2000 under Scenario 52 and to ,102 under Scenario

-

53, These numbers are shown in Table 4.12;

/

Table: 4.12. ‘Impact of CNC Controls on the Purchases of
' / Electrical Industrial Equipment (IEA #53)
by Metalworking Machinery
{IEA #46) in 1990 and 2000
(dollars per dollar, 1979 pyices)

s

Scenario 52- y Scenario 53

1990 2000 1990 ° 2000

Share of the CNC : _ : ,
Controls in Output .063 .085 , .083 .095
of IEA #46 (apt

Elecr1ca1 EqU1pment
(IEA #53) Requirements
per unlt of output
Metalworking Machinery
(IEA #46), .except
Industrial Controls

77
fl'Y)ré53,46

Blectric,industr1a1
EqUmeent ({IEA #53)
Requi rements per-Unit
Outht of'Metalworking
Machinery (IEA #46 in
Year ([t

(a5344é)

|
1
I
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The Use of Machine Tools: 1977, 1990, 2000

Capital Coefficients

f Metalworking Machinery (IEA #46) is classified as sector

#3?4 in the Standard Industrial Classification and includes’

nine 4—digit‘SiC indu;tries that mainly ﬁrodupe machine tools
"and the equibment that is used.in copjunction with them (tqols
and dies, machine'£601 accessdries). This sec;ion deﬁcribes;
the précedurés used toléstimate the capital coeffiﬁienté
‘governing the' investment demand Eﬁr the output of IEA #46
for expansién “- i.e., row #4f“of the B matrix -~ for 19%7,
1990 and 2000, " |
' ?apital coefficients (b45j)‘fof 1977 were developed by
computing the increase.in the average. capital in place‘per
“unit of output between 1972 and 1977 and applying this factor
to the\19?2 capital coefficients described in.Chapter 3.

The Bureau of Economic Analysi§ (BEA) has recently

published time series data oﬁ\:apital stocks held in the U.S.

which iqclude estimates of Ehe.aggregate value of metalworking
machinery (U.S. Department of Coinfce, 1985, p. 1701, gstimated'
at $58,664 million (in 1972 prices)>in 1977. (Gross raEher than®
net stocks were phﬁsen since the physical deterioration of metal-
working machinefy is cqnsiderably more gfaduél than its. economic
depreciation.) This figure was deflated to 1979 dollars and
transformed to producer prices by‘deducting the shafe of trade
and transportatibn margins given in {U.S.. Department of~Commerce,

1980, p. A.23] for 1972. : §




The share of this aggregate stock ($125,230 million) held

by the metalworking sectors (85%) was distributed amoﬁg them on
the basis of information derived from the 1976-78 American

Machinist Inventory of Metalworking Equipment {American Machinist,

1978, pp. 136-7]1. We éssumed that the value of the stock was
proportional to the number of tools held, adjusted for the
sector's shdre of numérically contrdl;ed {NC) tools. The'averaqe
1979 price of an NC tool was estimated to be eleven tim§s that

of a conventional tool [Natioﬁal Machine Tool Builders Association,
1981, pp. 93, 100, 106] and the value of.machine tools in use

in a'given ?ndustrg was adjusted to reflect this priée differen-l
tial. The value of the machine tool"stock held by each sector -

was estimated by the equation

k. = (llm +mo)pS | (8)
] 3™ ,
where kj is the value of machiheltbol units in use in industry
i m? is the number of'nﬁmerical,controlléd“machine'tool units
in uée,_m? is the number of conventional tools in use, and p©
is the unit pricé éf conventional tools.

About 85% of éhe machine tools in use in the U.S. in 1978
were held by métalworking industries‘[Nétionai Maéhine Tool
Builders Asspciation; 1981, p. 256])]. The remaining 15% was
allocated to the_non;metalworkind industries with the largest
investﬁe&t inimachine tools in 197é {the most recenﬁ dat; for
which this infdrmation was available}: Livestock (IEA #1),
Other Aéricultural Products (IEA $2), Constfucpion (IEA #11],
Lumber and Wood Products (IEA #19)}IRubber (IEA #31), Glass

(IEA #34) and Stone and Clay Products (IEA #35).
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Avérage coefficlents were computed by dividin§ each indus-
try's stock of metalworkiné ﬁachinery by its output. The same
. procedure was used to compilé 1972 average coefficients, aﬁd the
ratios of the 1977 to 1%72 éoefficients‘were applied to the

£

capital coefficients appearing in the B matrix for 1972 to
derive incremental Eépital coeffic}enﬁs for 1977.

For the projection of capital c0efficients, we aésuFed that
macﬁine tools can be éubdivided ihta two categories, con1entional
and CNb. Thus, NG equ}pﬁent was not distiﬁguished f;Om he:

CNC variety, a reasonable simplification since as early as
1979, 80% of the NC market consisted OE-CNC tools [Teresko,
1979, p. 103],reaching 95% and by 1980 [PFrost and Sglliva .
1981}, - ‘ | | \

We define bggy as the stock of metalworking machinery
required to produce a unit of output of sector j'(k46j/xj)
in plants using the newe$t technology. . The stock is in fact
composed of a mix of conventional and NC machinery (k45j =
kﬁsj + kﬁsj),'and we_canbdefine seParate.capitgl
coefficients in terms gf the amount of each type of capital
‘required to produce the corrqspondind portion of.oufpet:

i
4

C [a] (o] n . n n,
b46j = k46j/Xj and b46j = .k46j\<xj' I}!ext, the

metalworKing machinery capital coefficient Eor'industry j

can be written as the sum of the\conventional coefficient and

N

the CNC coefficient, each weighted by the share of the sector's

output produced using the_cbrresponding technology:

-

c ' . C n n
b46j = b45j (Xj/xj) + b46j (Xj/XjJ




4.52
Finally, Equation (9) can be rewritten as

c c n ) I-
17b4gj = (1/bggj) (kj/kj) + (1/bagy) (kj/ky), (10)

which allows us to replace estimates of the future share of the

&

ouput produced with CNC tools with eé;imates of the CNC poégion
|

of the machine tool stock. To solve Equation (10) for b45?

for some year t, we must know the'conventional and CNC capital
coefficiénts (biej-and b:sj: respectively) as well as the /shares
" of CNCﬁand_convenfional.machine tools in the‘total value jof
the machine tool stock in new plants in sector j at time t,
(k:aj/k45j) and (kiaj/k4aj),

The value of NC machine_tools in use accounted for 10.2%
of the’total machine toollstock held by metalworking industries
in 1972, and rose td 22.2% in 1977. Under Scenario §2 the NC
(CNC) share of the machine tool stock required_for %;pansion
was assumed to increaseqfurther to 42% in 1990, an fverége
annual rate of increase from 1977 to 1990 of 5%. Under Scenario
$3 a rate of 10% was assumed, which results in a 77% CNC share
in 1990. 1In the vear 2000, CNC tools are assumed to accdunt
for 85% of the machiﬁe-tool stock under Sceﬁario 52 and 95%
under ScanariosISS and S4. Thege levels of diffusion are
aséumed to be attained in each machine tool-usiné industry.

Fina;ly; we need to evaluate the conventional and Né
c§ptial qoefficients appearing in Equation (10}, We assumed
that a CNC téol does the work oé 4.5 conventional tools, which
lies within a commonly cited range 65 estimates found in the -
literature. For exémple, according to one“source, *a CNC

flame cutter does the work of 3-5 conventionally operated f}ame
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cutters” [Iron Age; 1980, p. 16]., - Another publication

cites a U.S. firm that teplaced 12.con§ént50na1 lathes with 3

NC lathes {Real, 198p, p. 53]}, and an MIT study reports capaciﬁy
ratios of 3:1 and 5:1 [Lund, 1978, p. 25). 1In additiOnJlthe
-increasing,use of machining. centers {multi-purpose milling
‘machines) will tend to increase these ratios and} cbnsequeﬂtly, o
we cﬂose a figure'{4.5) at the high end of this ranée of estimétés.
According to [Frost and Sullivan, 1982], sales ;f NC machining
centers will outpace other NC tools and will account for 33%

of the total machiAe tool market by 1990,

Recalling that the unit price of an NC tool is eleven times

that of a conventional one in 1979 prices, .we can write

n - A , c '
bagy = 11/4.5 bagy = 2.44 bygjy. (11)

L

For bi&,ﬁ weluéed the 1977 metalworking machiner§
coefficients, adeSteq to reduée the effect of differences in
the relative share of NC tools held by sector on thé coefficients
in that year. while only 1.6% of the total machine tools in
use in 1977 were numerically controlled, the proportion variéd

widely among_ industries, from.4.4% in Aircraft to 0.3% in

Screw Machine Products [American Machinist, 1978, p. 137].

Table 4.13 shows that these procedures époduce 1990 Metal-
- working Machinery é&pital coefficients that are 33% larger
than in 1977 under Scenario $2 in 1990 and 1.28 times larger

in 2000 under Scenario S3. o




Table 4,13. Impact of CNC Controls on Metalworking Maéhinefy
Capital Coefficients in 1990 and 2000

Scenario §2 Scenario 83
1990 | 2000 . 1990 2000 -

CNC Share of Metal- - , o
working Machinery in . 42 | - .77 .95
New Stocks (kRM/k)

Metalworking Machinery
Capital Coefficient as
Proportion of 1977
Coefficient

RS

Intermediate Input Coefficients h \
| Wﬁile the primary advantages of CNé tools lie'iﬁ highef

rates of machine throughput -(output per Eour of operation),

vggtly reduced labor requirements, énd_tﬁeir ability to be link;d

with other p:ogramméble machines (thereby\increas}ng the producti&ity

of the entire process), the savings in ma%erials through lower

scrap rates is also often cited as a key f%ctpr’justifyihg the

purchase .of these tools. (See [Lund, 19?7% p. 27; Real,

1
i

1980, p. 1381). . - b
‘ aAs CNC tools are substituted for conqé"tional tools, the

use of steel par unit of output of the metalworking industries

: - 4 :
should decline. We estimated the new steel coefficients (a3gj)

with the eqguation .
t 7 -
a36j T @363 ~ o¥S) , ‘ (13)

where o is the percent reduction in steel scrap, Y is the pro-

portion of metalworking operations using CNC tools, $j is the




" steel scrap produced per unit of ougput by industry j, and aggj
is the steel used per unit of output in 1977.
. We assumed that the use of CNC tools can reduce steel .
scrap (waste from machining as well as the steel embodied in
deféctive products) by 70% (§=.7). We estimated_that the
prbduction of sérap amounts to 25% qf the value45§ the steel-
purchased for=Usg‘witH conventional equipment (Sj?325a;6j),
which is ‘somewhat Eigher than the Office of'iechnblogy Aséessﬁent
[0.8. Congress, 1979, p. 27] estimate of 17.6% for the losses
from machining and the scrap that is purchased from "end-product
manufacture.” <The parameter Yy was estimated by the share of |
output produced by CNC tools,in 1990 and 2000 under ea&h scenario.
This share was calculated from the projected CNC portion of
the machine tools required for expansioﬁ {see the first row of -
Table 4.15) and the output différentiél between CNC anq conventional -
tools (4.5).4%

‘These parameters and the resulting steel coefficients are
given in Table 4.14. As a result of the reduction in steel sarap,

we estimate that these coefficients decline to 88% of their 1977

size by 2000 under Scenario $2, and to 84% under Scenario S3.

Labor Coefficients.

The machining occupations are those most affected’by the

substitution of CNC for conventional tools. These include
, .

4por example, if 6% of the machine tools required for ex-
pansion are CNC, the share of the output produced with CNC tools is
' (.06})4.5 - = ,223. :
(.06)4.5 + .94
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_ 3
!
Machinists (LAB ,#30), Tool and Die Makers (LAB #31), and -the

metalworking operatives {(included in Other Operatives,‘LAB £46).

— e ——— - hd

Tabfe 4,14, - Impact of CNC Tools on Steel Requirements
: ' in 1990 and 2000

4 -3

; :
Scenario 82 ' Scenario 83

° . : 1990 2000 1990 2000 |

Reduction in Steel Scrap : . _
Attributable to CNC Tools .70 .70 .70 : .70
{a) -

CNC Share of Metal-~
working Operations (vy)

Scrap Produced with

Conventional Tools (s3]
| : 77 "

as Proportion of a3gj

Steel -Coefficient
(a3zgj3} as a proportion
of coefficient - ‘
in 1977




o '

The labor coefficients for thQQE-threé-métalworking

occupations were projected with the equation

15 e (e otaty 117 - (14)

where ab is the CNC. share of the machine tools stock (in

units) in year t, 8t is the proportion of labor saved per

junit of output through the use of CNC tools, and j refers to

A
each of the 33 metalworking sectors {iea #12, 22, 35-49, 51~57,

59-66, B6).

The share of CNC tools in the total stock of machine tool

1

units (a) increased at an averagé annual rate of '19% between
1977 and 1980. Under Scenario S2 we assume that this share

increases at an annual rate of 8% between 1980 and 1990, from
. . : \

2.7% to 6.0%. Under Scenario 53 a rate of increase of'é4% was
" assumed, bringing the CNC share to 23%. 1In the year 2000 CNC
tools are assumed to be 34% of the total stock under S2 and

65% under $3. Thus, under Scenario S$3 the rate of.increase in
a * . ! { -
the CNC share of machine tool units increases most rapidly

. . - )

between 1980 and 1990, while under Scenario S2 the rate of

, \ g :

increase is-most rapid between 1990 and 2000. - ° \\
)

4

The labor savings per unit of output obtained with the us \

of CNC tools (BY) results from two factors, the output

differential pér tool (yt), and the differential in labor
requirements per tool (4%). Each CNC tool is assumed to

be 4.5 times as productive as a conventional tool (y) for -

reasons given in the preceding part of this section.

l




The' following passage illustrates why the use of CNC

L
i

" tools will also reduce the time required of operators on each

machine (¢%): ' " " X
In machining centen&hﬁcomnle;,shapes may be made by mount1ng
cutting tools of varying sizes and power-conflgurat1ona
on a single spindle. The cutting tools then are automatically
changed By transfer arms, which also store the tool., The
automatic tool changes take only a -few seconds; formerly
several minutes of an operator's time were required. ’ Machlne
Machlnlng centers also eliminate the need to: de51gn, bu11d
build, and store the jigs and fixtures needed\by 51ngle-purpose
machlnes

Ssingle-purpose machines also have been much 1mproVed
by numerilcal controls, For example, numericallly controlled
boring machines have reduced downtime for loading and
unloadlng‘by up to 30%, Nuperical control applied to
grinding machines often halves layout time; programmable
electronic wheel feed and wheel retraction have been .
developed which reduce labor time and enhance precision.
The de51gn of hobs for gear cuttlng has been subjected.
to computer calculation, saving cutting time,
[Duke and Brand. 1981, p. 31)

1
In addition toichese considerations, CNC tools will increasingly
| . . ;
be linked toge#her, further reducing operator requirements per
, : .
machine (¢%). iAccording to [American Machinist, 1981,

p. 106], "Enhanced communication cepabilities.are also being

incorporated in' CNC systems, and one result of this is ﬁhgt :

these’ controls are, in effect,’ becoming rerminals that can ' - .

"

provide an interface between the operator and not only the

'indicidual machine tool but -also thevplent's overall computer

a

hierarchy." Under'Scenaro §2, we assume that average CNC labhor
reguirements pér tool are 80% of the conventional: tool requirements’

in 1990 (490) and fall to 50% under Scenario S3 by 2000 -
( 92000y,

£

' . & . . R : .
The ratio of the labor-differential required per tool to

the output differential per tool (ot/vE) gives the
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4.59 | | o ‘

“labov requirements.pe: unit of output using CNC tools and
gt in Equatioﬁ {14) (the labor savings per unit of ouput)

L]

is equal to 16('}t/ 1), T ' ] e

» —

The values of the parameter; and the ;esdlting'coeffi:
cients are presented in Table 4.15. While the coefficients
for all thqee occupations (ﬁAB #35, 31, 46) were projected
witﬁ the-same mephod,'the facﬁors shown in row 4 of thel
table were éppi{éd‘to only the 75$iof the Otﬁer Operatives
(LAB #46) category who are macbiﬁe operators. As a result;
tﬁe impact of CNC tools. on thenlabor coefficients for Other ‘ '§ 
Operatives, shown in row Swaagilower thén‘the impacts on
Machinists (LAB #30) and Taol:gnd Die Makers (LAB #31?.'

Row 4 indicates that tHe labor requirements of these 2

occupations fall to 42% of, their 1977 -value by 2000

K

under. Scenario S$3. ‘ o : :




Table 4.15. Impact of: the Use of .CNC Tools on
Labor Coefficients (LAB #30, 31, and
part of 46) in 1990 and 2000 -

o Scenario $2 |  Scenario S3
¢ ' 1990 2000 . 1990 2000

CNC Share of Machine Tool ' : : ..
Stock in Units {(at) .06 .34 .23 .65

Ratio of CNC to Conventional
ool ﬁabor ReQulrements per
ool (¢%) .

‘/Ratio of CNC to Conventional
\ Tool Output per Tool (y)

Proportion’ of Labor Saved
Through use of CNC Tools
(B8E=1-¢%/y ) .

Labor Coefficients for
Machinists (LAB #30) and
Tocol and Die. Makers. (#31)
as Proportion of 1977
Coefficient-

|

i .
Projected Labor Coefficients

_ for Machine Operators (part

of LAB #46) as a Proportion
of 1977 Coefficient 0
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Chapter 5. The Automation of QOffice Operations

The work processes of most offices are recognizable
in industrial terms as continuous flow processes;
they consist of .the flow of documents to effect and
record commercial transactions and contractual
arrangements. While work processes are punctuated
by personal interview and correspondence, these
merely serve .to facilitate the flow of documentation.
: [Braverman, 1974}

Office automation (OA) inqo%porates appropriate tech-
nology to help people manage information. It is-not
a project with a defined polint of completion nor is
it the installation of. . a single functional element.
Rather OA is the linking of multiple components or
@lements in such a way that information once entered
can be processed from point to point with a. max imum
of techn010glca1 assistance and a minimum of human
intervention. (Frost and Sullivan, 1980a])

Electronlc data processing during the 1950's and 1960's
had a 31gn1flcant impact on large numbers of clerlcal workers,
microprocessor-based office equipment of the 1970's extended
the impact of electronic ptocéssing to a larger segment of
whité-collar workers, and integratedﬂelectronic Inféfmation
systems belng put in place today affect virtually all white-
collar workers. Section A of this chapter provldes an 1ntro;
dqctioﬁ to recent developments in office technology which
have impqrtapt implications for cépital, labor and {ﬁtermediate
input reqtirements. Section B briéfly describes changes in
the input requirements of firms that prodhqe office‘equipmént,
and Section C describes detailed change; in the capital, inter-
-mediate and labor requiremehts of sectors that.uéé electronic

office equipment and integrated systems.




5.2

A. Introduction

' I 4

Prior to the 1970*'s, the impact of the computér on office

work was mainly to automate large routine and repetitive
- -~

processing tasks. Separate data processing departments‘were
created} in firms that‘could 5qstify the purehase of a mafhframe, ,
to pe}form tasks already performed mechanically by cleriéal
workers in the baCk office euch as bil;ing, payroll and
certain boLkeeping functions. 'The physical flow of information
to and from the centralized data processing department often
resulted in‘%oﬁtlenecks that limited the advantages of e;ec;tonic
processing. Thﬁs,-during the 1950'5 and 1960's, electronic
_cohputing technology had only minimal efﬁects on office
work. In many ways offices during‘this period resembled-
those of a hundred years earlierv pipelinee that required e
great many human pump1ng statlons at regular intervals to
see information, manlpulate it, and transfer it to others
[Braverman, 1974},

Advances in microelectronics durlng the 1970's reduced
the cost and slze of electronlc processing and 1ncreased Lts
application to of@ice functions. Offices began to rely on
electroni typewriters, Jord_processors,‘optical character . ¢
readers, and dictation equipment. These.intelligent office
machines have increesed the productivity of secretariee'
typieee and other clerical workers previouely unaffected Sy
mainframe computer technology. More. recently micrOQrocessor

technology has also reached manageks and professionals in

the form of *desk top computers.
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Until today the emphasis.of_microp;océssor-based office
technology has been to enhance the'functionallelements of

office information systems already in place.  Electronic or

intelligent office machines have replaced conventional machines

within the office and have improved the efficiency of the

paper-based inférmation s}stem but these mgchines-hqve not
Eundamentaliy altered the structure of the system. ,Informé-'
tion systems in thé mgjoriiy of offices are still based largely
on paper as aﬁ.interfacg medium and continue to_tequiré manual
intervention.' According'to a feviewer of offiée i‘chnology

at Fortune, "Not all terminals have been designe« ro commun-

. icaté witn big corporate computers; almost none can interact

easily with work stations of anotper brand nor can they
always do so with workstations of the same brand“ (Uttal,. | -
1982]), Microprocessor based office equipmeht_saves lébof time
in many more office processing tasks than mainfr?mé computers;
ﬁerver, since a major function of an office is not'only:tp.l
procéss but to communicatg«informationvwisoiated”ingelligént
eguipment has héd only l;mitéd impacts.

The major trend in office technolééy today is to replace

the paper info;matioq;system with electronic storage and trans-

mission of,infprmaﬁion. In electronic office systems recently

.made available, each component performs its own computations

including data and word processing and provides its own storage
and communications interface. Séparate componénts are linked
toge%her through high speed communications networks that

allow users to share processing, access central storage

A2
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fécilities, and expedite the flow of_inforﬁation within an
organization. Intérgal networks fnterconnect‘with cémmon
carrier nétworks to allow users on different local area«'
networks to commﬁnicate. Intégrated electronic. information
- systems ﬁrovide'a vast application of compﬁter and communica-
tion technology to office fhnctiqns. AS these gystems becomg
more'versatiie, they will ‘enable organizations to capture
information only once, and process, ;ransfer, store and :
access the .information at a-later date w_i’th ‘a minimum Of
human intervention. Thus, integrated syster;ls w:i.l':h the poten-.
tial to replace paper-baséd office systéms may reduce the
labor reduired'to process information far Beyonq the savings-
introduced by intelligént machines that oper&té in isolation.
« As it stands today intégraggd syétems have been implemented "L
only 1in esﬁablishménts.that empldy lafge numbers_of whiﬁe
collar‘yorkers such as lérge'cofporat?‘offices. To adopt
a EullQ integrated system requires g}gnif};§qt start-up ,
costs, and £irms are hesiéant to inVQst uﬁtil thef have a
clear idea of their future processing and communication
requirements. The average priée of the complete systéms"
-;installed for customers by”Xerox, for éxaﬁplef is $270,000
‘[ﬁttal; 1982].- According tola studfnby the Rand QOrporation,.
"Of the estimated 3.5 milliOn‘ofEices in the U.8. about 1.5 . ‘
million are currenlevlarde enough for some sort of @dvanced

information system" [Bikson and Gutek, 1983]). This figure will
increaéé‘as smaller and more flexible systems become available .

and starﬁ%up-costs decline.



. : . .. MRt

'Falling hardware costs will continue to expaﬁd.thq potentiak.
usé of new informatgon systems. New storage ;ecﬁnologies;'
for exampie. such as bubble and optical memories, provide
tremendous storage capacities at a fraction of today's cost
for electronic stbrage and will further enhance the advantage
of electronic over paper based storage systems. 'Progress iﬁ
microelectronjés“also results iﬁ a continuous increase in
processing capacity and'deqliﬁe in its price. Some expect
that 8K microﬁ?Bcessafs éapable of performing text ediﬁing
will drop from $200 to $50 over the next ten years tBurns,
1980]}. :OEQers anticipate that |

individﬁal chips will cémbine memory, logical ‘proces-

sing, input-output interfaces, and, if appropriate,

analog~to-digital conversion, allowing '*intelligent"

equipment functions to be dispersed to an unprece-
dented degree, [Spinrad, 1982)

>

1

Advances in communication teéhndlogy will also play an
important.rble in the move-towards the automated office._,WOhlg:m_
be purchasers of electronlc offlce eguipment are hesitant to"
invest now due to problems of compatability and a new. awareness_
of the need for equ1pment with telecommunlcatlons capabilities.
Networks that have the 1ntelllgence to allow prev1ously |

noncompatible machines to interact. w111 overcome these present
deterrents. _ ‘

Most intélligent nétwdrks-aggilable today are based on
the ring principle thaﬁ enables degices to communicate without
going througp a central nétwork.processof. Each device‘is
connected to a local processor that injects messaées from a
meséage stream and mdﬁftors the stream for messages diregteg

L
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" towards attached devices; the proéessor then ektraqts, formats
and trangfers them to the appropriate device. _Since intelligence
is distributed locally'rather than relying on a central-prpcessor,'l
networks based on the ring prinéiplé are faster, more reliable
and more eﬁficfent than poiht to point or star networks,
Althbugh‘the ring~type systems are expensive at presént, as
memory and processing costs continue to fall and advances in

Eibef optics ‘solve the need for large band widths, ring~type

systems will offer great cost advantages to offices installing |

them over the next few years. According to [Spinrad,_1982],

. ’
"Local commgnication networks using optical fibers_are_

likely to become common toward the end of the decade."
; :
Although vendors of offiqe equipment are now selling.

lbcal area networks, the Bell system and switchboard companies

are also active participants in the local area network market

with their automated PABX systems. Pﬁ?ﬁmgrQYﬁ9§§“!9iEE_§ﬂ§"m:vuﬂ..n
data transmissions using digital techhology over telephone

c . ~ :
networks which arg already installed and connect to every

.

desk. According to [Electronics Industry Association, 1982],.
30,000 offices will have PBX equipment for.audio, data and

‘visual meséages and for connecting interoffice work stations

electronically by 1990,

Il

&

Hardware components will continue to evolve rapidly,
and software development will for somé time'be a major bottle=-
neck to office automation. ‘Analysts agree that most of the
hardware components necessary to iﬁplemgpt the electronic

office are currently available ([Spinrad, 1982; Frost and

H
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Sullivan,IIQBOa]. In contrast, éoftwgre-programming for

‘ system hardware that automates the flow of informationﬁin
ofﬁices will be the major developmént cost over the forséeable
fuéu?e. According to [Frost and Sulliﬁan, 1980a]} “OffiEe

systems on the ﬁarketltoday are too complicated, too ad hog,

and do not meet informational requirements’ in a systematic

way." The uncer;éin paé@ of sdftwarg development may slow

the -diffusion oﬁ integratéd office systems.

Firms can be expected to invest in office systeﬁs‘tq
expand output, to rgducé unit costs, or to dd both. A wide-
spféad peréeption today 1s that the sglaries of manégérs,
profeésionéls and secretaries are rising while white-coilar
productivity is stagnaﬁt. 'According to one séurce, offiFe TR
salaries account for 50% of all business costs today [Morten-
sen, 1982]. This source also claims that office :productivity
- rose by 4% between 1960 aﬁd 1970 while factory p;oductivity
grew by 80§ over the same period. ﬂow invgspment in office
capital is the reason most commoqu cited for this discrepancy.
‘Several authors observe that while white—coliar employees
erk with only $2,000 in-egQuipment, a factory workeg today
is backed up by $25,000 in machinéfy [Byron;.lgals_uttal,
1982]. 'As the price-of new office téchnology continues to
fall dramatically,‘firms will move to feplaceblabor intenéive
~office information sttems, and planned additionsvto capacity
will rely increasingly on new office technoloéies.b\;r

Analysts agree that the market for integrated office

systems is likely to'be huge, but there is less consensus on
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when this market growth will occur. Frost and Sullivan see

. S ‘
the mﬁrket for foicé systems expanding rapidly over the
latter part of the decade [Frost & Sullivan, 1980a}l. Less

optimistic analysts believe that the indirectf costs of imple~
menting office systems such as planning, training and supervision

-~ activities that can cost as much as the technology itself -~

ﬁay inhibit investmént in office systgmé [Uttal, 1952].: in
many instances, in addition, new office prbcedﬁres are not
directly related to the production of a firm's princip%ii
output, and difficulty in m;asufing the product%vity géins
of neéw equipment is élso seen.as a deterrent Lo investméné.
Fortune cites a reviewer ¢of office sSystems who fihqé officeﬂ

automation still poorly understood by business peoples
“"Users can't articulate what they want and
suppliers aren't that good at figuring it v
out . . .," says Patriclia Seybold, the reviewer
of office systems., "It's the blind leading the¢-
blind." 80 office autdmation will not arrive
as a revolution, but gradually, as vendors and-
users educate each other. The journey to the
promised :land may not take 40 years but it is
apt to remaiq painfully slow. , .
: . - [Uttal, 1982}

: " .
Since the bace at-which the electronic office will begin
to supplant the paper-based system 1s uncertain, it makes sense

to consider two alternative scenarios. Scenario SZjaSsqus

that firms will be slow to invest in integrated office

systems and represents what now appears to be the lowest

level of diffusion of integrated office technology that can
be anticipated over the next 10 to 20 years. Scenario $3

represents, 1in our?judgmant, the maximum level ot\diffusfon

tﬁat }s likely to occur through the year 2000. These scenarios

-
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will be descrfbe&—fn—mofe~detail in the following sections.

Pl

8. The Production of Office Equipmént

A shift in the cohposition of output produced by the Office

Equipment sector, IEA’ #51, toward electronic text equipmént will
change'its‘input Eequirements. In the early 1970's IEA'#Sl
produced conventlonal office equipment such as typewriters,
‘.mqll machlnes and scales and balances and- dupllcatlng machines.
By the 1ate‘19704sJ however, office equipment‘produced by this
sector began to rely on electronic components: electronic ',
mail machines, scales and balsnces,.and electronic text
equ%pment began to be produced in addition to conveﬁtional'
equipment. In tue ?rocess} firﬁs have necessarily increased
theit'purchases of electronic components as reflected in the
coeff1c1ent asg,sl 1n the A matrlx, i.e., the output of semi-
conductors, IEA #58, requ1red to produce a unit of output of
IEA #51. : { S

We ' assume that all office equlpment w111 be electronlc by
1985, As a rough estimdte of asg,s1 in 1985 we use the cost of
a CPU board divided by the retail price of the word processorl
and assume that this coeff1c1ent applies also to mail machlnes.
I. scales and balances. The coefficient is interpolated for
years between 1977’andl1985 and over this period represeqts
; a weighted average.of{the‘input.requirements for conventional

. I : .
and electronic equipment. The value of asg,5] rises froq

.004 in 1977 to .05 by 1985 and remains at this level through
_ . . , . ,
. )

lpased on information provided by a technical supervisor at
Hermes Business Products, Inc.
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2000 under Scenarios S2 and $3. We assume that in all other

ways the input structure of IEA #51 will remain unchanged

after'1977.

C. The Use of Electronic dffica Equipment

A% offices within each seetor of the economy inves
electronic office equipmentland’syeteme, other capitay,
intermediaée and laber fequiremeﬁte willfalso be aff cted. A'
rise in the use of computers per unit of output, descr1bed in
Chapter 4, will be the major change 1n capital requlrements
associated with the electronic office; however, demand for .
other office equipment will also be affected. Moreover, with
increasiﬂg use of computerS};demand for compleme tafy inpues
such as electriCLty and telecommunlcat;ons and substltutes
such as paper will be affected. The most meortant change,
howevef, w111 be in-the white=-collar labor necessary to
-perform many job tasks. This section describes the methods,
data and assumptions used to project changes in these technical-

1
coefficients with special emphasis on laﬁor coefficients.

1. Capital Coefficients

" The stock of officE‘equipment;‘eﬁc;ﬁding'qffice eomputers,
per unit ofasectorai output will,increeseLFhrpugh the mid
1980's but deckine over the long' run. Estimates of the
annual mafkek for electronic text equipment in the early
1980's range between two‘aﬂd_seven billion dollars [Merchaqt,

1979; Uttal, 1982; Frost and Sullivan, 1980a; Electronids




machines will make duplicating machines obsolete oyef the

next few years.

L
"
..

B}

) Industries Association, 1982], By the midr1980's, however,

£ .

analysts projéct;thdt intelligent workstetionsf(produced by

the computec‘sectof, TEA #50.) with word processing facilities

?will’take over the market for the electronig'text equipment

) . - -
produced by IEA #51 ([fFrost and Sulliven,,lQSOa]. "Conventional

' typewriters will also be replaced by electronic text eduipment

or intelligent work stations and‘fester,’cheaper photocopy

2

. . . e M

Investment in offlce equipment is goVerned by two

-

types of coefflcients in the IEA model ‘The capltal coeff1c1ent,

b513, represents the offlce[equ1pment requ1red to expand

the capacrty of the jth sector by one unit, - There is also.the

“modernization" coeffic1entl IR whigh describes purchases
of new-oﬁfice %qulpment to ?eplace obsolete equ19ment (or
labor} in the absence of exbansion. " The remalnder of this

I
sect;on describes the pro¢edures uSed to estimate these o

’
coeff c1e:§§L" L 1
. , ' .
. ined,
- 1

{

conventlonal offlce eQUmeent requlred to expand output,

we Spllt the coefficients iIn row: #5351 of the B matrix into

two‘parts'as shown 1in Eguatxon (1) and project the 1nd1v;dual'_

coefficients for 1977, 1985, 1990 and 2000:
';51j=t?aj+bcj ‘ | (1)

where

. , N ,. o £
bglj office equipment required to produce one
additional unit of output of‘sector j in year t,

178
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1

N | .
baj electronic text egquipment required to produce
| . ; R N
one additional unit of output of sector j in year t, and
i . . ' N '
bej conventional office equipment required to produce

one additional unit of output of sector j in year t,

. .
|

We assumL that the avetpge new office pﬁt in place in

1977 used the same mix of teghnologiés'as the average office
aIready in place. To estimate blg, we Lirst dis%ribute
the aggregate.stock offelectronic text equipment in 1977,
$1.9 billion [érost and Sullivan, 1980al, among ;ectofs according
to the percent of secretaries they employ. This distribution,
shown 1in Tabie 5.1, allocaées the 1argeét_stock to Business ‘_ -
Services-(IEA,#QT) and other ser;i;e sectors such as Educgtion,
Wholesale and Retailmfzgﬁe, Finanqeiand_Ingurance. (Buéineés
Services includes the légal profession, which'is said to
derive,the largest direct gain frém word process;rs (Uttal, = :
1982),) This stock i; then divided 5y the the seétor‘s
output in 1977 to produce the coefficients bajv'

| As an e;timate of bcj_in 1977 we use the coefficifnt
bsyj for 1972, a year predating electronic.office equipment.

Thus we assume an increased use of office equipment per unit

of output between 1972 and 1977 with the éntire increase

L~
”

consisting of electronic texf"equipmené. _— /
.:"', .- —IThe coefficients baj are projectéd.baséd on growth

iﬁ the agfregate stock of electronic text equipment. per unit
/- . ~f gross oﬁtput of the entire econhomy. _This‘agg}egaté co-.
_! ) efficient grew by 37%'annua119 from,IQTGflgag\TFrost and
IR ;‘Sullivan.llgﬁoav U.S. Department of.Labér, i932]. Under -

Scenario §2, we assumé that this coefficient rises at an

. : ' . .
f_ . ¥ ! . -

- -

- 17




\ \ .
Table 5.1. Sectoral Distribution of Secretaries in 1978

. | ‘ .
Code Sector : L : Percentage

, : |
Liveétock and Livestock Prtducts
Other\Agrlcultural Products
Forestry and Flshery Products \
Agriv ultural, Forestry, a d Fishery\Services

-

Iron and Ferrcalloy Ores Mining
Nonfeqrous Metal Ores M1n1ng . \
Coal Mining 4 i
Crude Petroleum and Natural Gas !
Stone and Clay Mining and, /Quarrying
Chemlcal and Fertilizer Mlneral Mining
Construction ! = \
ordnance and’ Accessgrlesf E
_Food arld Kindred Products - \
Tobacco Manufactures i ‘ \ _
Broad and Narrow Fabrics, Yarn and Thread -Mills -
Miscellaneous Tgxtile ‘Goods and Floor Coverlngs
Appare ‘
Miscellaneous Pabricated Textlle Products
Lumber and Wood Products, except Conta1ners
Wood Containers ﬁ
Household Furniture - ‘\
Other Furniture and Fixtures
~ Paper and Allied Products, except Conta1ners
Paperboard Containers and Boxes !
Printing and Publishing
Chemicals and Selecthed Chemical Products\
Plastics and Synthetic Materials
Drugs, Cleaning and Toilet Preparations \
Paints and Allied Products |
Petroleum Refining and Allied Industries ;
Rubber an. Miscellaneous Plastic Products
Leather Tanning and Finishing
Footwear and Other Leather Products |
Glass and Glass Products 1
\

-

WO OO~ GV U ) B

}

OO 00OC0ooOROONOOOOOOOOOOOFRONCCOCOOO

m ®% 3 ® $ ®W W ®W ., W m W ® m W mw W w W W E W W W W

&

Stone and Clay Products .

Primary Iron and Steel Manufacturlng

Primary Nonferrous Metals Manufactutring .

Metal Containers .

Heating, Plumbing and Structural Metal Products N
Screw Machlne Products and Stampings E

wtl‘-hl-'wJ"-.bl—'l—'C)O\wl—'O\Nme-bl—'NONl—'WI—'wOONO\OD’O\OOOE\?I—'

A

(continued on next page)
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Table 5.1 (continued) *

Code Sector P Percentage

41 Other Pabricated Metal products
42 Engines and Turbines :
43 Farm and Garden Machinery
44 Construction and Mining Machinery
45 Materials Handling Machinery and Equipment
46 Metalworking Machinery and Equipment .
47 Special Industry Machinery and Equipment
48 General Industrial Machinery and Equipment
49 Miscellaneous Machinery, except Electrical
50 Electronic Computing Equipment
51 oOffice, Computing, and Accountlng machlnes, except
IEA #50 T L ~ S
52 .Service Industry Machlnes ’
53 Electric Industrial Equipment and Apparatus
54 Household Appliances
55 Electric Lighting and Wiring Equipment
56 Radio, TV, and Communications Equlpment
57 Electron Tubes .
58 Semiconductors and Related Devices
59 Electronic Components, nec
60 Miscellaneous Electrical Machinery and Supplies
61 Motor Vehicles and Equipment
62 Aircraft and Parts’
63 Other Transportation Equipment
64 Scientific and Controlling Instruments .
65 Optical, Ophthalmical, and Photographic Equlpment
66 Miscellaneous Manufacturing
67 Transportation and Warehousing
68 Communications, excépt Radio and TV
69 Radio and TV Broadcasting
70 Electric, Gas, Water, and Sanltary Serv1ces
71 wholesale Trade )
72 Retail Trade . ¢
73 Finance
74 Insurance ,
75 Real Estate and Rental :
76 Hotels, Personal and Repair Services except Auto

s N W W N b
L . oP

L)

"

77 Business Services Y 1 .
78 Bating and Drinking Places

79 JQutomobile Repair Serv1ces o

80 usements ) )

81 Hospitals
82 Health Services, excCluding Hospitals
83 Educational Services.
84 Nonprofit Organlzations
85 Government Enterprlses
Total °

— ) )

s ® & & & @ ® # g * & W € #§ W ™ ¥ ®§ € & w & ® € ®§ € &« € &« w €« g &« =

-
L)
o
o

Source: - [U.S. Department of Labor, 1980al.
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. R

annual-rate of 45% until 1983 aﬁd falls tojéero bf 1955 by

which time electronic text équipment‘is-replaced by intelligent -
workstdtions._ Unde; Scenario $3 we project a 1owef‘e&pansi§h
in the requirements for electronic téxt equipméht as users .
move more quickly to'inteiligent.wofkstations,-;This scenario
assumes a_35% annual increase in the adéregate coefficient

. until 1983 and a rapid fall to zero by 1985. Conseqdently bz;
iﬁcreases by a factor of 9.5'(45% anﬁual increase) by‘IQBB’under
Scenario 82 and by a factor of 6.1 (35% annual increase) under
Scenario Sé. WE assume no change "in the dist;ibu;ion of the
stock of word processoFs across Using SECEOTS Lo — .~

Coefficiénts regulating the éutureluse of conventional

,equipment.iﬁ new offices,"bcj, depend on several assumptions
regarding the rate at which conventional machines are made
obsolete. By 1985 undef Sceﬁario'éz we assume -that in;és;meht
in intelligent workstations will reduce the use of ;onventional

-

typewriters (bch By 75%, based on estimates of the market

gor gypewriters (Electronic Ih&ustrieg‘Association. 19821,

and that the requirements for duplicating-maghines wi;l

fall to zerq.l Typewriters and duplicating maéhineé comprised
38§ and 9%, respectively, of the capital goods pqrtion of

the output ofﬁIEA #51 ip 1972 1?.8. Deparpm;nt of Cohmérce;

1980b). We assume that these proportions alss reflect the ?
" approximate share of thése”maehiﬁes in the total stock reguirement

for office equipmant and thus a 75% decline in the déhafd ;
for typewriters and. a complete phaSe*out_duplicating‘maéﬂines
reduces bgj to 62% of its 1977 value by 1985 (Scenario $2).

Under Scenario $3 we assume that electronig text‘gquipmenn

.1212 ﬁh
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.and intelligent workstations will completely replace conventional
typewriters by 1985; the coefficientifor conventional equipmeﬁt

is 53% of its 1977 value. There are no further reductions

.- Ll
in these coefficients after 1985 under either scenario.

With respect to modernization in the absence of expansion
(R matrix), ‘electronic replaces convehtional office equipment

through 1985, and both are replaced by integrated office .

\_ e et i e am e

'systems produced by the Computer sector (IEA #50)° after

1985. We estimate the rgplacement coeff1cients by first
4

- calculating the yearly change in the projected stock of

-cicotronis—textagquinment remuired to produce a 1977 1level

of gross output in each year from 1977 to 1985 [Frost and
Sullivan, 1980a; U.S. Department of Lab4¥ 19821 S1nce
‘these projections are for a constant-level of output,

the yearly increment in th1s stock can be 1nterpreted as -
total investment for modernxzat1on. As a second steg, we

alloci:te this total across sectors based on the percent of,.

secretaries employed in each sector and divide' by the output

of that sector in 1977. T
¥ a
-~ 2. Intermedlate Coeff1c1ents

LY

. As firms move toward the electronic offlceathey ‘will

also change their demand for certain intermediate ‘inputs.
F . R t . ) . . \_ . ’ - I B ' '
They will increase their requirements for network services

-

supplied by the telecommunication sector and are also likely

L

to increase requirements for.electricity and reduce purchases

of paper. Since integrated office syétems are only now

being put in place, -the madnitude of such changes is unctear.

N
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L3

In this study we assume that intermediate coefficients for
telecommunications, electricity and paper remain at the 1977

levels through 2000 for:'all scenarios,

3. Labor Coefﬁ1c1ents

. The magnitude oE decline in labor coefE1c1ents for a
'partlcular occupat;on due to OA wlllﬁdepend .oh a varletz}oﬁ
‘factors. Each occupatlon encompasses sevefal tasks and changes

in lobor coefflclents will depend on the amount of tlms that

‘'a worker spends performing a particular task ahd'tho amount

-

of adfomatic eduipment appliuvd to that"task. Another considera-

"tion is the amount oL EfE€C ofrice” _'F:’K'é'r: ""f’lmt—: TIWEETUET e

el -

L
saved in performing ‘a’ particular task by the use of automatic.‘

-

. - ? "
equipment. - "Listening" typewriters, for example, can save
lOO% of the time required to produce a typewritten document
whlle electrbnic typewriters may save only 50% of typing

time. Also pertlnent is the percent of workers of a partlcular
L ‘-ﬂ

occupation and sector that. actually use the new technology in a

given year. Finpally, an increase in demand for certain office

‘activities may partially‘offset labor savings from new technology.
Equation‘(Z) shows how labor coefficients can be projected to

take each of these factors into account:
* t F t t t . t .
gy =fflegj[ﬁfkj+(l*ufkj)(l—Yfkj)(l+pfkj}]lkj

where the variabies are defined as follows:

t : . . .
lkj number of workers of occupation k per unit of eutput
of sector j in year t,




H

proportion of time ‘saved by ‘the new téchnology
relative to the old technology for workers of
occupation k in sectér j performlng task £
(£=1,...,F},

q _

proportion of workers in ‘Qccuaption k in sector
j performing task f in\year t who are not affected
by the new technology, .

increase in demand for task f\performed
. by workers of occupation’ k\per unit of output
of sector j in year t,
proportion of the time workers of occupation k in
sector j spent in performing task £\in the 'base year,
just prior to the change in technology, where .
v F = .

N\

lkj number of workers of occupation k per unlt\of output of
— " .sector i in’ the base year, Just prlor to the change in
technology. : .

,ZW =1,
=1 fk]

L3

: Equatlon (2) adgusts a base Qear coefficient to reflect\ the
- dLEEUSLon of a time-saving technology and an ;ncreaserln demaoa for
certain lab?r functions. The expression (l-Yfkj)(l+pﬂkj)lkj
shows the amount-of time necessary tosperform a particular task

with the new equipment. To process 200% more text with a technology

that saves 80% of the time requlred WItQNhhe old technolpgy, for

- .
[N

example, requxres 60% of the time that would Jhave been required
_for the text—proceSSLng task with the old technology, (1-.8){1+2)=.6
Clearly an increa;e in demaod for‘text procesoing moderates |
the amount oE t1me ‘saved by the new technology., ’:,
The parameter mfkj preserves the old labor coeff1c1ent
for workers of ogoupatlon k in sector -j who do notlwork
with a new technology.that affects tosk £. if ﬁ;kj=.75,li.e..

-only 25% of the workers of occupatioh k in sector 3 use word.

fprofessors ‘nh the above example, then the labor required for

185
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text processing ber unit of output of sector j in-fear-t. as a
réportion of the'iabor requiréd }n the basé year, is .75+.25(.6)=.9.
| The parameters wfgj weéight é;ch task_performed‘by its ,“‘ o
share of total ;abor time. If secrétaries,‘EGr gxamplé,
spend only 20% of their totélllabor'hime prbcessing‘text and
if office technology affects no other;secretarial.tasks then,
continuing'thé,examp;e agove, the new labdr coefficient for seé-
" retaries ‘would be .8tl}+.2(.§)=.98 lka. _ '
IiIn'the ;bsenée of sufficiently détai;ed information én
the breakdown of labor tasks we have_simpi;fied the pasémetérs.
in Eqdationﬂt?). For most obcupations, we distinguish only

L

" between those taékg'Ehaf_gan‘beﬁaﬁtéhétéd'Endithdhe'tﬁéﬁl -

cannot, ‘and the garaﬁgtef wkj rep;esents the propo;tion.

of time of workers Qﬁﬁoccupatfﬁn K inlsector b spent,on

tasks that can be automated,” - The proborgion of time sayed
- by the z..tcmatic equipment on the average in affected tasks

is Ykj» and "ks fepresents the broportioq of-wquégs

not affected'bf automatic equipment (all in yeaf t). We-

also assume that pgy =0 for all tasks, occupa£ionqhénd

sectors. Eguation (2') incorporates these modifications of

Equétion (2): . o

€ £t t o t -
1y = lwygglugy+(l-ugj) (1-vk§) ) +{1~wgy)I1lky (%)

o &

Table 5.2 contains,the labor coefficients for each scenario

as proportions of the coefficients in 1977, based on Eqﬁaéion (2').

aggrejated than the detail in &hich these computations were

-
4




Table 5.2. Labor Céefficients in 1990 and 2000
as Proportions of Labor Coefficients in 1977

Scenéfios §2! Scenaric 83

1990 2000 1990 2000

Managers (LAB #17) 99 | .88 | .sa | .s0.

all sectors except IEA-
476, 78, 79, 80

'Sales Workers (LAB #18)

sectors IEA §72, 78, 79,
80

all other sectors

Ty em
Dhellugmnya uuq' —.j"‘r::::

Secretaries (LAB -$#19 )“

Of fice Machine Operators
(LAB #20) ’

Banr Tellers {LAB #¥21)
Telephone Operators (LAB #22) -
Cashiers (LAB #23)

Other Clerical Workers
{LAB #24)

Note: All entries computed with Equation (2') except
the fourth row (LAB #19) whlch was computed with
Equation (2}. - .
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! . m .
carried out, for certain occugétions {LAB #19, 20, 24), the'propcd—

tions in Table 5.2 are weighted averages of the proportions for

more detailed occupations. These proportions apply to all IEA

sectors except where noted,'asspming that tasks performed by white- -
. 1 :

collar workers in-a particﬁlar_occuﬁation'arg relafively homo-

geneous._.across industries and that new offide'technology is used

by the same share -of workers in an occupation for all induqtrieg.
The-remaindet of this section describes the information

and assﬁmptions that underlie tﬁe parameﬁers'used to calculate

the proportions in Table 5.2, The discussion is organized

by occupation, and éhe parameters for each'of éight occupatidnal

categorles (LAB #17-24) are summarized in Tables 5.3-10. Where

——— o

possible, parameter values are based on the findings of case
studies of the direct' impact of office technology on particdlar
occupations. Fututre studies will hopefully provide more 2

systematic and detailed information on these parameters.

Managerb {LAB #17). )

The advent of desk top computers and other information

tools linked together by .advanced telecommunication

networks that provide access L0 widely divetrse sources.

of data heralds a huge syrge in prQductivity for approx- .
imately 10 million managers in the U.S. (Business Week,- 1983b}

For office automation to realize its promlse, the manu-
facturers must reach beyond the secretary to managers
and professionals who account for 80% of white collar .
salaries. ¢ (Uttal, 1982]

-’

Desktop computérs integrated into networks can save a

significant amount of time that managers spend processing

information. With direct access to external and internal
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data‘banks} managers can prepare market stﬁdies, forecast
compelition and develop pricing sttrat éies‘in a few hours --
activities that once took several months-of work. .Moreover,
keyboard accesé to electronic files can reduge the amount

of time spent looking for informatiph, and graphics software

enables managers to diges; information quickly from computer-

-

'printouts. ' ,' _"- _ .
' In addition to providing managers with local prdécessing =

. I .
power, integrated systems can save time in a variety of commun-

. : . - N :
ication activities. Elecktronic mail wcan exgg;ite dissemi~

natien of memos within an organization and correspondence

between firms. ™ ‘Systems that record telephone messages digit-

— ——

mm s = —— Ao o —

ally (by computer) and forward them to others withiB a-goﬁpany

can reduce time spent trying to make contact with others.
: - g

Computeri%edescheduLing=OE meetings avoids the need for

- ‘ » ' '
contacting other managers individually, and teleconferencing

- .o . '
can eliminate much of the travel time associated with.meetings

in different locations.
’ Beyond the time saved in mapagerial activities,,
int- -+vated systems may also eliminate certaip middlb-ménggef-

posicions entirely. 'According to [BusineséwWeek,OIQBéb];-
’ ' ~ o .

/

the role of middle managers”since World War II has been

.- ‘ f . - ° ..‘ . ] ’
to collect, analyze and interpret information and pass it

I . ) E R
~on to executives, "As more top managers see that much of

-
F

. ’ 4 . -
the information once gathered by middle managers can be
obtained faéter, less expensively and more Ehorbughly by

comput$rs, they' have begun to view many middle managers '
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" as ‘redundant.,'*” Sbecialized softwarte prograns thatnéan replace

certain mlddle manageﬁent tasks include cimputerlzed inventory

control, production scheduling, :and allocatlon planning for
-&
limited resources., In addition as gntegrated office systems

reducé the number of ¢lerical and other white cpllar workérs,

fewer managers-will be needed to superbise them, L
) . . !
Fhe-parameters used to project/the coefficients to 1990 /

and 2000 are shoﬁn-in Table 5.3. The Electronic Industries
Association estimates that 3% of all managers and proﬁessionals
used desk top computers in 1982, and International DatauCorporatlon
(IDC)_estlmates that this share will rlse.to_ng by'1990;

[Electronic Industries Association, l982], For“Scenario S2

_— —_ o _

we assume that" LU% of all managers in each industry w111 use

\ I -

desk top computers or managerial work statlons by 1990 (y175= =,90),
By 2000 we assume\that this’share will be at 1east 50%,

: . : S .
For Scenario S3 we\use the IDC estimate-that 65% of-managers

will use work statfbns by 1990, By 2000, we assume that all

o -

managers use work statlons under these scenarlos. ’
/

The values of the parameter w173 the percentﬁbf a manager's

x

. v , y
time spent in /tasks that can be automated, are based on a

survey ©of managerial aéd professional productivity by managament*
consultants Booz Alleh and Hamilton. They found that middle

man.gers én aVeragé spend. 52% of -total work time'at haatings.
12% creating docﬂments, and 16%_anaiyzing and‘raading. The

20% of work hours that'remain are spent in activities sdch as
waltlng Eor meetlngs, Otg&ﬂlZan information, expedltlng and

a

as51gn1ng tasks as well as schedullng, searchlng for 1nformat10n,‘

Q




o

Table 5.3. Parameters that Determine Labor .Coefficients .

C for Managers (LAB #17) in 1990 and 2000

Scenario S2 ) Scenario 83

L3

Parameters 1990 | 2000 | 1990 { 2000

ALl sectors\except TIEA #76,. — 78 : =
79, 80 | -

Proportion of 'Managers not-.
affected by new technology

(u173)

Proportlon of Managérs' time
. spent in tasks affected by’
! new office  technology

p 17y -

Proportion of Managers' time

f saved by new technology

i" relative to old - ‘ ) -
tv173) ‘ ; 1,00 4 1,006

Note-' Insertlng these parameters in Eguation (2') resulti/,
Vo . in the probortions in the first row of Table /5,2 J

L ‘ b -

filing, copying, transcribing and otherjclerical—type

act}v1tles. The study'concludes"that 15% of a manager's

timé can be saved by electronic office systems over the next

L}

fivé years [Business Week, 1983a)l. Based on these f1nd;ngs,

L]

t . + e i e —

for:Scenario S2 we assume that by 1990 managers withlefECutive' "

work statlons can save 100% of their labor t1me (y=1.00) N

\
ln\the 15% of the1r labor tasks that are mainly clerzoal,

*

(w={15).  AS"’ spec1alized manager1al sttware is desagned for

1ntegrated systems under Scenario 53, we assume thét 25% oE

K J

all manager1al act1v1t1es may be fully automatezéby 1990,

and|at least this amount will be automated by 2000 even

‘undér Sofﬁario $2. By 2000 we assume that intdgrated

L]
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systems may fully aptomate 50% of managerial activities

under Scenario 53,

-

Changes to the labor coefficients Eor managers apply to

i

all sectors except Hotels (IEA\#TG), Eating and Drinking h
Places.(IEA #78), Automobile Repair (TEA $79) and,AmusenEnts

(IEA $80).. A larg e share ‘of the managers in these reté*f sec~-
'! i :
. tors are propriet rs or managers of 51ngle-manager establish-

ments on whom offile technology will have a—negligible effect.
. . + - - |. - B

"
-

[ /Sales Workers (LAB #18) ) '_' Co sy

-

R ' The sales staff in most sectors.seeks out clients, travels)

i

i
proVides potential buyers with 1nﬂormation, and processes

-

paperwork, By contrast, in retayl establishments, yhich
t . - -

“n .

'employ over 50% of all sales woqkers, the job reguires né .

i . : T . / - . S L,
travel, limited sales promotioq’and'mu h more time processing
_ j ] o

a greater volume of transactions. Since electronic office
. - "

technology will have a different effect on these two categories

I [ o

of sales workers, labor coeffic1ents were pro]ected separately.
The eﬁfects ofdautomatzon on- lahor requirements for sales -

orkers 1n retail establishments will be Similar to that fEor

e - . /.—"
cashiers. while sales persons 1n retail stores generally

) /interact w1th customers more than cashiers, most of their

; time is.deNoteq to processing transactions._ Electronic

! i i ' A - 4

technology in retail sales work reduces the timg.required ko -

process transactions and record inventory information at
TRy /
check~out points, Point-of-sales terminals can raise produc--

thlty of sales clerksfby 10% according to [Maeda,llgall.

Another study of the impact of automated checkout equipment




on cashiers notes a similar gain; labor requirféements to
process the same volume of transactions were reduced between
10% and 15% [U.S. Department of Labor, 1979b].

The parameters used to project the coefficients for retail
sales ‘workers, shown in Table 5.4, are based on thesé studies
and other assumptions. Unde; Scenario S2, we assume that point
of sales terﬁinais‘save 10% Ef the time réquirgd to proceés
transactions and rgcord inventory information with conventional
cash registers. For Scenario 53 we assume that this egquipment
may save as mucﬁ as 15% of this time. |

In addition, for Scenaric S2 we assume that only 25% Of
sales workers will use pdint-bf-salés terhinals by 1990 but
thatﬁthis share will rise to 50% bf 2000. OUnder Scenario 53
we further assume that 50% of all retail sales workers méy use
automated checkout equipment by 1990 and that all sales workers
may be affected by the year 2000. These are the same_parameﬁers
"used below for cashiers, and since retail sales workers have
other taskglbesideé processing and recording transactions,
we assﬁme that unlike cashiers only 75% of a sales worker's
Itime is atfected by automated equipment. Thg 25% of a sales
worker's work time that remains is spent assisting customers
and keeping sdore merchandise in order, activities that will
be unaffected by electronic technology. .

While electronic technology will aEfect only thevtransaction

processing task of sales workers in retail establishments,

sales workers in most industries will be affected in a variety

of wayS. Direct access to computerized external data banks
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Table 5.4, Parameters that Determine Lébor Coefficients
for Sales Workers (LAB #18) in 1990 and 2000

Scenario S2 Scenario 83

Parameters ) ' 1990 2000 1990 2000

Retail Sectors (IEA #?2, 78,
79, 80)

Proportion of .Sales Workers
not affected by new office
technology

{urgj)

Proportion of Sales Worker
time spent in tasks affected
by new office technology

(wlBJ

Proportion of time saved’ by
new technology relatlve
to old

(Y]_SJ

All Other Sectors

Proportion of Sales Workers
not affected by new office
technology

(n1g5)

Proportion of Sales Workers
time spent in tasks affected
by new office technology

(wigy)

Proportion of time saved by
new ktechnology relative
to old ' T '
(v185) o .20 .20 .50

Note: 1Inserting these parameters in Equation (2') results
in the proportions in rows 2 and 3 of. Table 5.2.

-
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.
from government and pfivate sources will assist sales people

in idéntifying markets. Mobile teiephoneé, voice message
systems and portable terminals will érovide }eady access to
cost estimates, product supply, and delivéry dates whi}e aléq
minitmizing visits to field offices. Moreover, portable termi-
nals will make it'possible to process transactions more quickly.

o

Parameter projections for nonretail sales workers are

shown' in the bottom portion of Table 5.4. Each scenario

assumes that 50% of a sales worker's time will be aEfeCEed

by office automation. Thié ratio, highef than that for

managers and lower than that for secrétaries; is based on
thé assuﬁption that nonretail sales workets spend at least
half their work time in face-to-face interaction with cus-
tomers. The amount of time saved by the technology in those
tasks that are affected is based on an éstimate by vendors.
that sales persons can'reduce-selling time by 50% when they;
use office computer faciliﬁies and communication networké

[Business Week, 1983alj. We use this estimate for SCenario

53 and for Scaqario S2 we ‘assume that office systems will
Isave at least 20% of the time spent in affected tasks. |
Finally, we assume that the share of nonretail sales workers
that uée automated'sysﬁems in a given year is-the same ;s

that reported for managers.

Secretaries, Typists and Stenographers {LAB #19)

As a communications intermediary among managers, pro=

fessionals, and others both inside and outside an organization,
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-

a secretary performs a variety of tasks that are affected by ‘
electronic effiCe technology. At preeent, office technology
has had its ygreatest impact_en tybing. Studies show that
approximately 500,003 or 11% of all secretaries used word
processing equipment in 1981 [Walsh, 1982].) This equibment
produces remarkable gains in productivity when it is properly
selected and used. Accerding to ope study,

typical individual secretaries ostensibly Eype

60 words per minute, . Actually, when all the

error white-outs and page~length remakes are- figured
in, they only type three or four words per minute.
Typing Spec1a115ts with automated equipment and

good superv151on can achieve from 15 to 30 words

per minute, again taklng into account all the

setting up, referencing, and button-pushing. This
represents a speed-up of £rom 500 to 1,000 percent.

' : [Admlnlstratlve Management, 19781

Several studies show that the time saved by word processing

equipment can reduce labo} requirements up to 50%. Oee review
of a large multi-service lae fifm notes reductions of. 503 in
the number of typists required pér constant dollar of revenue
[Murphree, 1982]. . Another study cites several cases where
word processor installations have reeuCed office staffs by one
third to one half [Dowing, 1980]. 1In one research organization
word processing eguipment reduced average_nUmber of days to
prepare a report by 20%, effegeivelyHEEdQEieg the labor
requireeent by 20% [Karon, 1982].

Whilevan increase in demand by firms for processed text
will offset a decline in labor requlrements, thls effect will,
in most cases, be temporary. One study of a word processing

installation notes that a common occurrence with word procegsors

is that a lot of hidden work appears that has never been
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done before due to a lack of secretarial support [EDP Analyzer,
1980]. A properly managed word processing installation, how-
ever, will allow only those increases in typed material that
add directly or indirectly to the total output of the EFirm.
Thus, aithough employment may not change as word processors
are installed, labor requirements per unit of output will

still f£all as output fises.

Although word processing will continue.to provide
significant gains in the productivity of typists, voice input
technology will completely automate the typing task. Computer
based interpretation of voice data is an extension of dictation

-systems that bypasses the trahscriptionotask of secretaries.
According to researchers at the IBM research center,

-with a listening typewriter, an author cculd

dictate a letter, memo or report. What he .or she

says would be automatically recognized and displayed

in front of him or her.« A listening typewriter

would combine the best features of dictating (rapid

human output) and the best features of writing

{visual record/easy editing). No human typist

would be required and no delay would occur between

the time an author ‘creates a letter and when he-

.or she gets it back in typed form,

. . - [Gould, Cort and Horanyecz, 1982]
Although several voice data entry products are presently
available for single}word application such as inventory,
quality control and credit authorization, according to
researchers at IBM, "machine recognition of sQeech,uEteréd by
any person may or may not be gchieved early in the next

century” [Gould, Cort and Horanyecz, 1982). Listening type-~.

writers being tested today have a limited ability to discern

word segmentation in normal speech patterns. When voice

oL
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input technology does become available for every day office
use, virtually all white collar workers will be affected.
This épplication, however, is still in the development stage,

and we make no attempt to incorporate its impacts on labor

requirements. Rather we consider only the continued diffusion

of word processing facili&ies in the form first of'gtand-aldne
equipment .and thén.of integrated work stations.

Word processing Eacilities will have their greatest
impact on secreta;ieé who type full tiﬁ;,lapprqximately
22% of the workers in LAB #19 [U.S. Depértment of Labor, 19811.:
We assuﬁe that 100% df a typist's time will be affected by
word pfocessing that saves 80% of the time required with
conventional typewriters. This represents a 500% increase

in productivity, the lower bound on the productivity increase

of worq processing cited above [Administrative Management,
19781, Furtherm&gg, we project that at leasﬁ 40% (Scenario
$2) but as many as 70% (Scenario S3) of all typists_ﬁill use
word processing facilities by 1990. These estimaies are
based on the fact that 11% of all secretaries used word

processing equipment in 1980 [Uﬁtal, 1582] and:the'expectation
*

that the real price of t%%k-edi#ing equipment will continue
.po £all over the 1980%s. By 2000 we assume that at least
70% (Scenario 82) of all typists will Hav; word processing
Eaéilities, and under Scenario 83 we assume that all typists
will use them. These baraméters are shown under section

of Table 5%.5.
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Table 5.5, Parameters thatdnetermine'Labor Coefficients
for sSecretaries and Typists in 1990 and 2000

Scenerio 52 Scenario §3
Parameters _ 1990 | 2000 1990 2000

a, Secretarles

Proportion of- Secretaries not
affected by word proce551ng
(v1,19a,j)

PrOportlon of Secretary time
spent in tasks affected
by word processing
(wi1,19a,3)

PrOQOrtlon of time saved by
word processing relative to
conventional typlng
(¥1,19a,j)}

Proportlon of Secretaries
affected by other office
technology
(v2, 19a,J)

PrOQOrtlon of Secretary )
time affected by other
office technology
(Ww2,19a,3)

Proportion of time saved by
new technology relative to
old (v32,19a,5)

b. Typisks
« Proportion of Typists not
affected by word processing ,
(ri9p,j) .60 |° .30
‘ Proportlon of Typist time
spent in tasks affected by
(wlgp,j) 1.00 1.00
Proportlon of time saved by :
word processing ' -
{(Y19p,3) .80 .80 .

Note: Taking a weighted averaye of the two proportions
defined by inserting the parameters for a into
Bquation (2) and the parameters for b into Bguation
{2') results in the proportions in row 4 of Table
5.2. As weights we use secretaries-and typists
as a share of LAB #19 in 1978 as reported in [(U.S.
Department of Labor, 1981].




Word procéssing facilities will have mych more moderate
effects on secretaries who spend only part of their time |
typiﬁg., Secretaries not classified as full-time typists
comprise 76% of all_workers in LAB #19 [u.s. Depértme;k of - ’
Labor, 1981]. For them, we use the same parameters as for
full-time typists“except for the weight ©of tﬁe_typiﬁg task .
in total secretary work tiﬁe._ Studies show that on average
secretaries sSeqd approximétely 20% of total work time typing

[Green, 1982; Walsh, 19821, . ﬁ

Although word processing will aEEéEt only a small share

of secfetaries' work‘time,‘integrated office systems will

affect many other secretarial tasks depending upon the facilities

L]

available at manager and profeséjgﬂgigyork‘statiohs. At the
limig, a‘managef whq can accessoinfdrmation froﬁ an électronic
file} dictate a memo into a-desk top computér, edit it verbally,
and distribute and file . it electronically will require little
secretarial assistance. For these reasons, we assume that

if a certain proportion of managers is coﬁnected to a network
in-yeaf t, the network will extend to the same proportion- of
secretaries in that~yéar.

Nonetheless, the share of secretarial time affected by
office ahtomaﬁion will bejsiénificantly greater than that of
managers at least for the near futuée. .Secretaries spend
approximately 45% of their work time filing, mailihd} making
photocopies, delivering messages and waiting for work [G;een,

1982), Offices with secretarial workstations connected

“to electronic filing cabinets, electronic mail systems and



file:///work

5,34

local printers will save time in all thgse areas. In each
scenario we assume that 45% of all sécretarial time will be
atfecced by office autoﬁatiaﬁ other than electronic text
érocessing.l

The proportipn of time‘sayed Gili‘depend on the share
of otfices and office workers connected to the network.
AS iong as some offices or clients are not connecteﬁ electron-~
ically to otheré, inFer—ofEice communication will requife that
seéretaries handle paperwork, Even when all offices ére
gompleteiy automated, lowever, these tasks Qill stil} consume
at least some secretarial time. We assume that offiée systems
will save at least 25% of-the time spent in affécted'atkivities-
(Scenq;id S2) and thaththis equipment may save as much as 75%

-

of this time (Séenario s3).

Microprocessor based office technology will continue

té replace full-time stenographeré who. now comprise aBOut

2% of LAB #19 and whose work will be completely automated by
1990, Stenography has been a declining occupation éince the
1960's when IBM first marketed its magnetic belt dictation
unit, 1In addition to desktop and. portable units available
today, cén}ral dicfation systems based-én microérocessog
technology serve many QSers, require fewer dictation‘units
an? can be accessed over the telephones. One study shows
that 60;70% of all oréanizéeions.have some form of dictation
eéuipment bu£ that only one éhird of ali pecple who originate
typewritten work todéy use dictation machines (Frost aqd-Sulli-

vvan, 1982), As offices continue to increase eEfic;ency, util-

20,
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ization of dictation eguipment will increase. - Bach scenario

\

assumes that stenographers are completely replaced-by 1990.

Office Machine Operators (LAB #20)

Office MachineIOPerators include clerical yorkers who
operate conventional office equipment suéh as tabulating,
calculating, bookkeeping, billing,-keypunchzmachines'and
those who opgfate peripheral computer eguipment. Operators
of conventional equlpment represented 66%’06 all‘office
machine operators in 19707 by 1978 this share dropped to
44%. . An increase in the number Of workers who operate
peripheral ﬁomputer equipment over the 1970's more than
compensaﬁéd for the decline in operators of conventional

. i
equipmen;, and the total number of operators grew by over
30% between 1970 and 1978 [U.Ss. Department of Laber, 1981].

Computer technology will soon eliminate alf.operators
of conventional office machines fncluding keypunch operators.
Small businesses that can now éfford computers will replace
conventional equipment, and data typists using video display

te;mlnals will continue to replace keypunch operators over

the short run. We assume that ‘the labor coefficient for

operators of conventional eqdipment will fall to zero by

1990 in both scenarios. .
The labor coefficient for operators of peripheral .

equipment such as data typlsts will E;ll less dramatically

over the next two decades. As firms attempt to raise office

productivity by increasing the amount of information captured

electronically they will invest in automated equipment such as
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optical readers (OCR's) and electronic cash registers that

record.information at the point of transactions. OCR's
(machines that transfer information into digi;ai bit; of
computer language) can read 75-120 characters per second
whi}e a fast keyboard operator can achieve at best 7. Until
now, OCR'g have been used mainly to‘reéd utility payments
and charge card slips, and to scan the 80% of first class
mail that is typewritten [Béody, 1983}. Recent advances
which have made OCR's much more reliable and_reduced the
cost to approximately %$7,000 dollars will accelerate the:
reélacement of data‘typists.

The labdr coéfficient for other types of periphéral
computer operatﬁrs will also decliﬁe in the future. _%s'distri-
buted electronic processing réplaces mainframe installations,
workers who load and change tapes and remove output from h%gh
speed printérs at these facilities will also be displaced. We
assume that mainframe attendants and data typists caﬁ be
completeiy eliminated. Under Scenario S2, 20% of these
workers will be displaced by 1990 and 80% by 2000. Scenario
53 accelerates this diéplacement to 50% by 1990 and 100% by

2000.. These assumptions are summarized in Tdble 5.6.

Bank Tellers (LAB #21)

A human teller can handle up to 200 transactions

" a day, works 30 hours a week, gets a salary
anywhere from $8,000 to 20,000 a year plus fringe
benefits, gets coffee breaks, a vacation and
sick time. . . . In contrast, an automated teller can-
handle 2000 transactions a day, works 168 hours a
week, costs about $22,000 a year to run and doesS not

- take coffee breaks or vacations. [Bennett, 1983]

203
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Table 5.6. Parameters that Determinet%abor Coefficientg
for Office Machine Operators in 1990 and 2000

Scenario 82 | Scenario 83

-

_ Parameters : 1930 | 2¢00 199%@ IZOOO

Operators of Peripheral
Computer Eguipment
Proportion of Operators not

affected by new
office technology

(UZUan}

Proportion of QOperator time
spent in tasks
affected by new
office technology .

(WZOa,j}

v

Proportion of time ‘saved by
new technology relatlve to
old

(YZOa;j)

Inserting these parameters in Equations/{2'} and mul-]
tiplying by the share of LAB #20 who operate peri-
pheral computer equipment as reported in .[U.S.
Department of Labor, 198l.] results in proportions
in row 5 of Table 5.2. :

Pty ) .

Automated transaction machines (ATM's), having adhi;ved
widespread acceptance by the Americén qulic,.wili have
significant impacts'on theflabor reguirementérforlhumag bank
tellers. According to'a‘repoét by economists at che BLS,
the effectiveness of th;se machines in redﬁcing wéiting

lines and extending banking hours allowed banks te install

1900 ATM's by 1980 (Brand and Duke, 1982]. Moreover, the

. =04
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average number of transactions per month on ATM's grew by

250% from 1976 to 1980. One bank repcrts that two ATM's Ean

perfory the work of three human tellers [Bank Systems and
Eguigmént, 1983}, According to [Brand and Duke, £982],
larger banks can more easily jusﬁify the purchase of ATM's,
while for many smhll and medium-;ized banks, the relatively
high fixed costs of equipment are not offset by the savings
in labor costs at current volumes 5f business -—a facéor
that tends to retérd the diffusion of the devices.

Future labor coefficients for bank teilers depend on
several assumptions. Based on digcussioq with an official iq
the transactions processing ﬁepartment‘of Citicorp Bank, w
assume that 80% of the transactions that bank tellers perform
are routine and can therefore be performed by A%N's. We
further assume that by 1990 at least half (écanario-52)
but perhaps all (Scenario $3) large banks will install ATM's.
Large Banks with assets in é&c?ss of $500 million employ
almost 50% of all b;nk‘empioyees [Frost and Sullivan, 1980b1.
If large banks employ the same sharevof'bank tellers, then
at least 25% (Scenario $2) but as many as 50% (Scenario §3)
of bank tellers will‘be affected by 1990. By 2000, at least
all large banks wili install ATM'S (Sceﬁario $2) while under
Scenario $3 all medium sized banks will follow suit. Since

medium banks, with assets between $50 and 500 million, employ

31% of all Sank employees, we assume that.80% 0of all bank

tellers may use ATM's'by 2000 {Scenario 83). Table 5.7

-

summarizes these assumptions.

4
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Table 5.7, Parameters that Determine Labor Coefficients
for Bank Tellers in 1990 and 2000

Scenario S2 Scenario S53.

ﬁarameters . 1990 2000 1990 2000

Proportion of Bank Tellers not
affected by automation

(u21,73) -

Proportion of Bank Teller
time spent in tasks af-
fected by automation

(w21,73)

Proportion of time saved by
new technology relative
to old ,
(vy21,73). . 1.00 -1.00

| Note: ,inserting these parameters in Equation (2') results
in coefficients in row 6 of Table 5.2.

]

Telephone Operators (LAB #22)

Continuous advance in the technology for switching
telephones and recording information-haslsteadi}y reduced
the pumber of operators required to support a given numbe;l
of telephones. 116 1910, the Bell Systeﬁ emp}qyed 100,000
operators to service seven million téléphones. BQ 1970,fthe
system provided services to 98 million telephones with only
166,600'telephone operators [Sco;t, 19821. Several téchnqlog~
ical innovations account for this remarkable gain in productivity.
The development of cross bar switches in thé 1940's increased

network capacity and in part made possible the introduction

206
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of direct distance dialing in 1951 that-great;y reduced the
number of operator-assisted calls, More receﬁtly'computérs
have been used to automate egquipment th;ough storéd'program
control. Electroﬁic switching systems (Esé),-for example, use
stored program control to switch telephone calls, -Althouéh EES -
has its greatestlimpact on installers and maintenéﬂce:wofkers,
it is also changing many -of the‘duties of ?pe;ators through"
eleckronic consples that automate most of the switching and ~
billing tasks on operator-assisted 1ongldistance célls. In
1979 almost 75% of all telephones were serviced by these
consoles which are reported to increase operator efficiency

| by 25% (u.s. Department of Labor, EQ??D]. Other computer

based applications that will automate certain types of operator

tasks are computer assembled voice intercept devices and

systems that automate coin telephones.

IFuture labor requirements for operators will depend on
the rate.dt which computer applicgtions become available to
certain types of telephone operators. ' Since the telecommuni=
cation sec£dr is likely to remain a rapid innovator we aésume
that at 1eést 50% (Scenario S2) but as many as 75% {(Scenario
§3) of the operators will be affected by 1990. By 2000 we
'assume that at least 75% (Scenario 82; but perhaps alllopera-
tors (Scenario S$3) will be affected by new computer software.
" In both scenarios, computer app}ications are assumed to
affect 100% of an operator's tasks. As an estimate of the

time that computers save in pperators' tasks under Scenario
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52, we use the 25% efficiency gain of electronic consoles

cited by the Department of Labor. Under Scenario 53, we

assume that this parameter may be as large as 50%. These

parameters are shown in Table 5,8,

Table 5.8, Parameters that Determine Labor‘éoefficients‘
for Telephone Operators in 1990 and 2000

Scenario S2 Scenario S3

Parameters -] 1990 2000 1990 2000

Proportion of Operators not
affected by automation’

- {uz2y)

Proportion of Operator
time spent in tasks af-
fected by automation

(w225)
Proportion of time saved by

new technology relative
to Old

{y225)

Note: Inserting-these_parameters into Equation (2') re-
sults in proportions in row 7 of Table 5.2,

Cashiers (IEA #23)

Cashiers, the third largest clerical occupation after
secretarieg andlbookkeepers, accounted for almest one and a
half million workers or 1:5% of the entire labor force in
1978, This was almost 50% greater than total employmeént of
ca;hiers in 1970. The majofity of-éashiers, 62%, are employed

in Retail Trade, 18% are employed in EBating and Drinking

Places, and the remaining cashiers are scattered throughout

203
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-

the-économy ([U.S. Department of Labor, 1981]. T

The diffusion of computerized checkout systehstwill have
a_sighificant impact on cqéhiers. The most common;type of
computerizéd checkout machines tocday are supermarket scanners -
which transmit the universal product code of each éurchase
to a computer that is pfbgfaﬁmed to record the description
and pricé of an item, add-the‘tax, and pr;ﬁt Oy a receipt.
According to one study of 38 supermarkets in the Washington
area that installed scanner eguiﬁmeqt,l”a fully scanner équipped:
supermarket was found to have a‘S% lower labor requirement
than an unautomated store with the same volume” [ailchrist
and Shenkin, 1982], Anotﬁer survey cited by the BLé finds
that "an electronic front end permits a 30% iﬁcrégse in
operator ring£n§ speed and a possible ovefali 10 to 15&
reduction in,un;£ labor requirements for cashiers and baggers"
(U.s. Department of *Labor, 1979b]l. ‘

In addition to supermérket scanners, other forms:of
electronic checkout eguipment will save the time of cashiers

_in nonfood retail stores. Poiﬁt—of-saléé terﬁinals that
read magnetically encoded vendof_market merchandise t}ckets
save data entry tise of cashiers in large department, appérel
and discount storés. ﬁpréover, electronic cash registers
that perform éreditlcardlaﬁthorization tasks further reduce
the unit labor requirement for.cashiers. -

We assume that 100% of a cashier’'s work time will be
affected by automated checkout eQuipm%nt. Based on the’
study cited by BLS, we further assume that automated'equipment

saves 10% of the checkout time required fo?ja given volume of
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transactions under Scenario S2 and for Scenario 83 that lhis
equipment'may save 15% of a cashier's time. Since all large
food stores are éxpected to install scanner eouipmeﬁt by

1990 [Gilchrist and and Shenkin, 1979] and- large supermarkoté’
employ about 10% oE all cashiers in the Retgil Trade sector
(u.s. Deoortment of Commerce, 1980al, wéjéstimate that at
least 25% of all cashiers (Scenario $2) will use autohated '
equipment by 1990 assuming full aotomat;on of large supermar--
kets and department stores. Bg 2000 we.expect that at least “
50% of cashiers yil; use }utoﬁated-equipmeot. For Scenario
83 we assume that at least 50% of all cashiers will use auto-
mated equipment*by 1990?and that all cheok-out stations wiil
be electronic by 2000. fabe 5.9 summarizes these assumptions.

Table 5;9. Parameters that Determine Labor Coefflcients
for Cashiers in 1990 and 2000

" ' Scenario $2 | Scenario 83

Parameters ° | 1990 | 2060°| 1990 { 2000

Proportion of Caéhiéré not.
affected by new technology _
(w233) . .75 «50 .50 | 0.00

Proportion of Cashier time

" spent in- tasks affected _
by new technology . ,
(w233} * _ 1.00 | 1.00 [ 1.00.{ 1.00

Proportion of time saved by
new technology relative
"to old , ‘ ) _
(y235) 10 | .10 | - .15 .15

’ ..‘ [

Note: Inserting these parameters into Equation (2%) re-
sults in proportions in row 8 of Table 5.2.
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Other Clerical Workers (IEA §24)

The remaining 50% nf clerical workers not discussed above
“are classified in a variety of clerical occupations that can
be divided into two groups based on the potential effects of

of fice automation.

-

Clerical'workérs who manipulate data and have little or

no interaétién with the pubiiq will cortinue to feel a greater
impact. than any other'group of white collar wofkérs.  Althoughl
mainframe computers have been‘able to perform th; taské of -
back-office clerical workers, such as boékkeebers, file, biiling,
payroll, and statistical cle;ks.since,the 1§60's,'cqmputer
technology could not affect the multitude of cleribal woerrs

in small offices until recently. SmaLL business computers

and electronic cash'registers-that peffoym;a-variety of ‘book-
keepling qndhinvgntbry functions will reduce the need for these
workers. Moreover, as‘electronic prdcessing bgcomes mgré widel?-
"distributed, cletical workers in“remote lecations can also be-
affedted; New microprocessor:baséd*time clocks, for exampie,
calculate overtime hoﬁrs and'vacation days accrued énd pgrform

Ia variety of other data manipulations previbusl} performea by

" payroll clerks. Tﬁe latest models of;phese machines interface
with coméuteﬁs that process ﬁaychecksf éliminating the need

for payroll clerks '[High Technology, 19831. As another example,

of fice purchasing systems that automate the control-of office
supplies can reduce the need for stockroom labor. At one

company a purchaéing system permits one person in the stock

o
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room to handle the needs of 400 offices in 2- 4 Lours a week
rather than the 60 hours it prev1ously took 1 1/2 persons

{Administrative Managempnt, 1981). In short, any function

previocusly performed by cle;ical workers in this group can qé
performed faster Snd more.efficiedtly bY'somelmicrbprocessor~-"
based office machine .that gets cheaper every.yeag. It is safe
to say that tﬁese clerical\occupations will sobn be completely
autémated. We assume in Scenario -S2 that at least 25% of these
clerical jobs will be automated by 1990 and 50% by 2000. Under
Scenario $3 we assume that the jobs -of 65% of these clerical
workers could be‘fully automated by 1950 and by 2000 automation
may affect 100% of the clerical workers in this group.

The - majorlty of other clerlcal workers, however, perform
activities that are more dlfficylt to automate sincCe they
reguire interaction with the public:- these ;ncluae‘bill collec-
tors, counter clérks,.dispatchers, inter&iewers, real estate
appraisers, and receptionists, Aithgdgh most of' these jobs
will not be eliminated, computer Eeéhnology will save time iP
car?ying 6ut certain clerical tasks by providing faster
access to information. S ' - S

Under both scenarios, we assume that offlce systems by‘
1990 will save 50% of the 1abo; time in 25% of the job tasks of
clerical workers who iqéeracp with the pgblié} By 2600 we assume
that office s?stems will save time in half these activities. The
ghare of these clericai workers affected by office technology

in any vear is the same as that for clerical workers who

manipulate data. Table 5.10 summarizes\these dssumptiens.
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Table 5.10. Parameters that Determine Labdr.Cerficients
for Other .Clerical Workers:in 1990 apd 2000

LY

Scenario S2 Scenario 83

‘Parameters S | 71990 | 2000 | 1990 | 2000

a. Clerical Workers Who
Manipulate Data

Proportion of Clerical Workers
affected by automation

(u24a,3)

Proportion Qf'Cierical Worker
time spent in tasks
~affected by automation

(w244, 5)

Proportion of time saved by
new technology relatlve to
old

{v¥24a,3)

“3

b. Clerical Workers who

Interface with Public

-Proportion of Clerical Workers
affected by automation

(uz4p,j)

Progortzon of Clerical
time spent in tasks
affected by automation

(w24p,j)

Proportion of time saved by
new technology relative
to old

(¥24p,3) | .SOfﬂ

Taking a weighted average of the two proportions de-|
fined by inserting the parameters for a and b into
Equation (2) results in the proportions in row 9 of
Table 5.2. As weights we use Clerical Workers in a
and b’'as a share of LAR #24 in 1978 as reported in
[U.8., Department of Labor, 1981} .
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° _ ' Chapter 6. FEducation

A, Introduction

The progressive automation of both the_productibn and

2'.'.}-

consumption of goods and serviées in our -economy is placing .
new demands on our educational system. The increasing uge of
computers and related devices in office work ahd ménufacturing ’
requires an increasingly technologically literate workforce. -
Qerqain industries, like Ehe computer industry itself, are
dependent onlcreativé'innovatioﬁs in fie1d3“whe£e kno#ledge
changes rapidly. For this reason, con;iﬁuing education is
required by many professionals to remain current’aﬁd productivehl
in their discipiines and in some cases for renewal othheir”
licenses. Conventional education is also affected, and
in a school éysﬁem which must adapt to the new requirements
teachers will need additional training. Personal computer
manufacturerslalready provide simple eﬂucationql packages in
response to household demand which can_be exﬁected to grow
considerably in the future to supplement traditional Eorms
of education and to- provide formal or informal job-t;aining
or recreation.

It hés traditionally been assumed that education is for.
the young, wbrk is for early .and mid—adultﬁood, and old age
is thé time for neither. While the location, the hours of
instruction and the structure of educational programs:reflect
this assumptionf increasing numbers of students and poténtial

students do not fit that patﬁern. Another attribute of -

conventional education is it$ method of instruction, typically
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a one~way flow of information from teacher to student in a

classroom. Two relatively hew forms of education based on
presently available techﬁologies, Computef-based Instruction
(C8T) and Instructional Télevision (ITV), provide electronic

coursewarej which is well-suited to both the lifelong learning -

concept and the development of new ways of learning.. = %
' ’ - . . .
The purpoge of this chapter is to describe quantita-

‘tively as> well as qualitatively how economy-wide technological
. * G)_ b . . -
change may affect education.- We eXamine both conventional

educaticn and new technologies and describe ways in which our

educational system may be transformed by the use of electrohic
¢ . . . .

courseware. Electronic courseware is discussed-in Section B,

and the input structures for conventional education and electronic

. . ) _
courseware are described in Section C. The new forms. of

S

education will pe used by three major groups -- industry.
" conventional education, and households -- and section D

describes three alternative scenarios about the use of elec-

tronic courseware up to the year 2000, '

one funetion of education is training, which can be
L]

expected to help make possible the fhture reductions in labor

coefficieﬁts aséumed in other chaﬁters of this report. The

formulation of scenarios describing education‘abd training

for workers otﬁer than professionals -- especially clefical_

and prodhction workers --— aﬁd the use Bﬁ.electronic courseware
: , .

{and computers generally) in the home are areas requiring

further study,
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L

B. . The Technology of éducation'
Qur presenﬁleducationél system-ha? been experiencing an
increased dropout fate and declining average daily attendance,
increased numbers of students performing:below gfade level,
and declining scores on various tests; SeVenty-five pércent
of firms in one survey provided their employees with internal
training programs in basic skills which were apparently not
learnéd in school. AT&T, for example, spends $6 million
annually‘to'train about 14,000-;mployees iﬁ bésic réading
and math skills [Center for Puﬁlic Reéﬁu;cés, 1982). Another
survey found that 35% of corporations had provided some ‘high -
school level training-for their employees, and the sgili

; levels of those not hired may be even lower.

Qﬂﬁ, It has been argued that education is a mature indpstry

féhé‘}urther investment in existing educational tephnologies
will not significantly improve its quality or alleviate ips
problems. Indeed, as the society undergoes basic ;hanges,
education will alsc have to change in'order to continue to
provide the training necessary for its members to function
productively in soc1ety. |
Conventional educational technology utilized chalk and
blackboard, books, maps and wall charts; the ﬁed;a wqre-print
and speech. Technological change‘in education has expanded
the tools dsad for learning from mostly written, feazher-
mediated and controlled technigues to include the use of

video presentat;on and computers ‘with the potent1al for

fostering a more active participation by the student.

-
“
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The most dramatic neveIOpmenFs in education are occurring in
interactive techndlogieé, mainly computer-based instruction,
where the learner determines the speed and sequence of the
program; and vidéo;based instruction which can free the
student from the time: and place constrain;s of conventional
education, Whiie these forms of electronic courseware nffect
both the content and the delivery of education, this study
concentrates on their impacts on educational delivery.

Computer-based Instruction (CBI) requires both software
and hardware which consist of the compnter itself,‘ad;essl
_terminals, and either a television oE a teleprinter with a
keysek. Early systems reguired a large computér} either on
the premises or throuﬁh telecommunication links. The smal}er,
inexpensive, independent microcomputers which have'recently
Lecome available are already estimated to outnumber term%nals
attached to large computers by 3 to 2 in educational appli-
cations [U.S.'Department of Education, 1982]; The software ‘
consists ofla computer language for interaction and the
courseware itself (pre-nackaged lessons).

First developed-in the 1950's to train computer industry

personnelv CBI entered schools on an experimental basis in

the 1960's. Programmed Logic for Automated Tgaching'Operations

{PLATO) was the first major system, developed in the 1960's

at the University of Illinois with support from Control Data
Corporation and the National Science Foundation. Microcomputers,
actively marketed on a national level iny singe 1978, have

given new impetus to the use Of computers in schools




by making significant computational capability and flexibility

accessible at an affordable price.

-

More schools, however, use .computers for records, bookkeep-
. - +

ing and other administrative tasks than for educational purposeé.

In the 18 months between fall 1980 and spring 1982, personal

computers for educational purposes in schobls'ihcfeasea from
31,000 to 96,000 {over 100% annually}, while all computer
terminals grew about 14% during the samé period [Melmed,
1982b). Computers in schools are e#pected to reach 980,000
by 1986 [Geller, 19831, growing at an annuak rate between
1982 and 1986 of 468. About 35% of all public schools now
make at least one computer terminal of microcomputer_évailable
to students, the majority in secondary schoe¢ls. In 1981-82
$28.5 million was spent on educational software} estiﬁated
to grow to $120 million in 1585.

Despite the bréakthrough in ﬁardware, results to date
in schools using CBI have 5een mixed, due to inadequate
teacher training and low guality courseware. Programs have
typically emphasized the choice and financing of hardware,
with software and teacher training viewed as sécondary.

-Coméuters were introduced into some French secondary
schools in an experimental program from 1970-1976 [Hebenstreit,
1980]. o©Over this period, six hundred teachers received
Eul%~time training at the end of which each teacher
developed a courseware package. (Science and mathematics
teachers were'dgliberaéely kept in the minority). An additional

5,000 teachers were trained in applications of computers' in
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1

the‘classroom, with specialized workshops éﬁd conferences{
More than 500 high quélity courseware péckages were written,
and over 7,000 copies of theéﬁ packages are now in use. The
program is considered to be very sucéessful, and'its success
is attributed to £he.identif;cation of the’c:uciai role* of

the teachers. .Of the total budget, 70% went to teacher train-
ing and release-time; only 30% was spent on hardware;.—The
~underlying assumption of thaf Frengh program was that better
quality courseware COuid be developed by teachers‘given some

computer training than by computer specialists with some help

from teachers.

In the U.8. most observers assume that the schools will

buy courseware from private Eirms analqgoué to textbook
"companie; (Melmed, 1982b). The high cost and limited quality of
'availablétséftware, due in part to the faét that‘the coursew;re
is written mainly by computer specialists and not teachers,
kéeps the demand from growing rapidly, thus-déhpening the
incentive of the private sectpr_to:commit additional resources.
As the .industry matures such difficulties will be overcome,

but a major initiative on the part of schools wiil be required
before a large m&rket for software can devélop. .While the
'general orientation is towafd the purchase of courseware, a
ldrgé number of schools do create their own. One recent study
found that 20% used locally produced software and 53% used a
combination [Harvard University Graduate School -of Education,

19821, In addition, two major computer companies, Tandy and

IBM, recently proposed extensive teacher training programs.
’ '
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The use of cdmputers in educatioﬁ'has been classified
into three catégories == tool, tutor and tutée-[Tayior,
1981]. The computer_as tool functions merely as a powégful
calculator. As tutor, CBI can bé QSed in driil and practice,
essentially-a reproduction ‘on the pomputer-of.exe;cise'ﬁorkbooks
presently used in schodls. "Simulation is a mofe sophisticated
version stressing applications of what has been léarnéd.
This mode provides more persona; attehtion"for the individual
student but is essentially an extension of conventional
legrning prqceduresv The computer must be programmed by
experté and prov{ded with éxpensive courseware.-

In the tutee mode, students teach the homputer and in
the process thef learp about the subject, the COmbuter,’aﬁd
how they themselves think. The need for e;pensive courseware

is presumably reduced since students learn to brogram the

computer themselves: education becomes the use and understanding

of information, not.memoriza;ion of facts. ‘- An example of
this mode is the Logo system developed by Seymour 'Pappert
and his colleagues. The coﬁputer as tutee is still viewed
as experimentai and requi}es an exceptional‘teacher but is
bound to become increasingly important.

Curreﬁﬁly the most extensively used form'of CBIIis
compute;-agsisted instruction (CAI) which Eallsbunder:ﬁhe
tutor mode. Scﬁools now consider computer literacy .the top
priority of CBI, followed by presenting a challenge to high
achievers and enriching the learning experience [U.S. Depart-

ment of Education, 1982}. Fewer than half report using CBI
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for remedial purposes or drill and practice, al;hough drill
and practice does‘dominate in elementary schools, the level
with t;e ieast'computer uee [_Instructorf 19821.l

video-based instruction, mainly Instructional Television
(ITV), is the other major component of electronic courseware.
.An early example ie sSunrise Semester, an ambltlous general
adult education program which began in the late 1950's and
recently ended broadcast due to low station membershlp.

The Appalachian Community-Serv1ce Ne twork broadcasts
more than 64 hours a week nith over 1.1 million subscribers,
providing both l=-way and 2-way education and teleconferencing

service. The University of Idaho Video Outreach Program .

expects household viewers to reach 41,000 by 1990, about 5%

of the state's population LGrayson and Biedenbach, 19821, and

the University of Pennsyfvania recently announced plans to

initiate a similar program. “Theee-programs respond to a
specific need‘of industry, professionals or the local community,
define relatively narrow goais,‘and emphasize the quality of
the product.l The prime target for educational programs has
been graduare level education for scientists, engineers and
managers, as a part of formal on-the-job training programs.

. Video—-based lnstruction degree programs in the sc1ent1£1c
and management d15c1p11ne5 began on a local basis in the
late«1960'5. Typically'the instructor presents the material
to‘a reghlar, on;campee class but in ;«modified classroom
which allows simultaneous live broadcast with or without *

talkback or taping for cassettes., Those viewing the class
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by television may be tutored by a special assistant on the

job, a senior engineer at the firm, or tﬁ;ough pericdic
visits by the instructor. ‘ |
What originated as‘a response to professicnal and industry
needs by . individual un1vers1t1;; such as MIT, Stanford and
Colorado State is evolvlng into a conSOrt1um of- un1vers1ties
organized on a profession-wlde bas1s. One such effort is
the Association for Medta-Baéed Con;inuing_Education for
- Engineers {AMCEE) whose 22 member un1vers1ties have contrlbuted‘
450 courses on cassettes and account for over 85% of all of £~
campus ITV in engineering. Ot about‘one.mllllon working
engineers in 1980, 44,000 or 4;4% were enrolled in.graduate
deyree programs via ITV at their places of work [(Baldwin and
Down, 1981). The majorzcy were under 35 wzth only a B.S.
degree, indicating a new educational trend among younger workers.:
The education system 1; very decentra11zed, almost a
cottage ;ndustry, resigtant to change on a large scale. In
the early days, computerized instruction was oftcn motivated
by a desire to increase productiyity in education: avtomating
education was supposed to be cost-effective [Baldwin and
Down, 1981]. - At this point the cost of producing a video
cassetce-of'é class is ruch less than the cost of good quality
CBI courscware and, more important, CBI hcs not yet been‘
successfullf integrated into_the overall educational experience.
As acceptance grows and production technology matures,

CBI will come into‘much wider use; however, it will never

completely replace ITV. :Video prefentation will "have an

EEY
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important role whenever talkback participation, dramatization,
and demonstrations are requlred. To teach scientists new
exper1mental technlques a demonstratlon is neceESary, and
the training of health workers often relies on techniques or -
&ocdmentation of subjects whicé requires the use of video.
The Americen Bar Association Eouno video indispensable for
certein kinds ofatraining and: established the'ConSortigm for
Professional Eduoation in-l9?5; to teach such things as
courtroom technigues and jury selectioh, which require drama=-
tization iGrayson and Biedenbach, 1982]., - The video - preeen*atlon
1s also an important way for more people to experlence par-
ticularly charismatic teachers. -

As tﬁe industry-develops{ there:will be much greater ese
of combined video and computer-based learning, particularly
v1deo disc technology whlch comblnes the student-paced,
interactive learning oE CBI w1th the visualupresentatioo of
graphics or documentatlon necessary for many subjects. The
visual presentation may'also enliven educational p;ckagesp
making the subject more interesting and tangible to the
student and improviog both. the guality and-tﬁe range of
subjects suitable tor CBI. ‘

It may become increasingly difficult for the technologioaliy
illiterate or unsophisticated to function in the "future.
Both the kind of jobs arailable and .the scope of social life

in which they can participate will be severely restricted.

Legislation is before Congress now to provide tax credits for

computer purchases to households and schools), and a national
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policy about computer literacy and public education will need

Lo be Formulated.

C. The Production of Education, 1963-5000
- Foﬁr separate educationai sectors have been represented
- for this study:' public and private conventional education
{IEA #aé, 83) and two sectors producing“eleé;ronic courée#are
(IEA #87, 88): The'corresgoﬁdipg input structures are des-

cribed in this section.

1, Conventional Education

Conventibnal 10 ta@les treat public and.privaté educatioﬁ
différeﬁtly although they deliver roughly the same output with -
similar input ;truclures. Private educatjon is a produciqg
sector within the technical matrices and delivers its ouéput
gp actual users, mainly households.  Pub1ic eauéation is
represénted as part of government final demand. This treat-
ment 1is the ocutcome of early debates about the appropriate
representation of nonmarket activities iﬁ.the national
accounting framework [Gilbert, et.al., 1548],‘

We haﬁe moved public education inside thé matrices as a

o
séparate'education-sector (IEA #891;' To accomplish this for
the years 1963-1977 requiréd distinguishing capital fnvestment
from allocation to current inputs because capital puéchases
for public education; as part of épvernment Einal_demand,
were combined with current aécoqnp. Cépital purchases for

past years were estimated based on the purchases of private

education (from the CFT's), and the remaining flows were

%
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divided by total output (discussed below) and moved into the

A matrix. Columns for other matrices were assumed to be the
same as for private education. The entire output of the,
sector is absorbed by households. |

The other'change’from the official data regards the
measure of ehucational.ﬁutput. Education has no physitaj-
product identifiable as its output {like other "service"
sectors), and in fhe official accbunts the value of its '

" L]
output is defined as the sum of its input costs. The official

price deflator, in turn, is based on the changing cost of
labqr inputs. These donventionshproduce rather arbitrary
measures of éhange in real outpﬁt.

Since the principal activity o} schools is to educate
students, we redéfined-the meaéﬁré of one unit. of educational .
output as a studejt-year of educationy total enrollment was
weighted to refleét the costs of educating students at different
levels in terms. of equivalent primary school students. (In
the future, the BEA'wiil disagggegate educAtion by level in
. the IQ tables.) ‘ -

‘ The Department of Education estimates that the cost per
secondary school student is 50% higher than the cost per
primary school student, so the forme; receives a weight of’
1.5. While higher education costs per student can vary
considerablf; they have been on the average about 2.5 times
éhe‘cosﬁ per primﬁry school gtudent. We have. used this

weight with two part-time students considered equivalent to

one full-time student. Table 6.1 shows numbers of students
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Table 6.1. Output of Bducation {IEA #83, 8'9),'-1963-2{)00
) ' * {thousands of students)

L]

. Higher Adjusted | Adjusted Total | Adjusted Total
| Year |-Elementary Secondary Education Total | Total? |Public Education®|Private Education?®

1963 |- 34,504 12,120 4,234 51,908 61,667 49,345 - 12,322
1967 36,752 - 13,790 6,401 56,943 | . 70,912 . 97,503 - 13,409
1972 34,953 15,377 ' 9,215 .99,545 78,506 64,016 14,490
1980 31,619 15,300 11, 600 58,519 | 76,679 64,501 - 12,178
1985 31,500 T 13,700 11,350 56,550 75,479 63,263 - 12,216
19490 35,000 12,100 11,100 58,200 76,030 . 63,576 . 12,454
j 000 37,200 14,900 11,100P 63,200 | 82,036 €9,018 13,018 -

dgyuivalent in terms of primary school student-years. See explanation in text.
e''National Center for Education Statistics does not have an estimate for higher
educatiofi in 2000, but expects enrollment to increase in the mid-1990's the 18-25 year
old group- increases. The 14990 estimate is a'lower limit for 2000,

$ources: {Frankel, 1981, Frankel and Gerald, 1982, Grant and Eiden, 1980]

-
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enrolled and their equivalent in terms of primary school

L : o
student-years.- A change of unit (from dollars' worth to .
students) was performed for the‘public and private educational

sectors in the technical matrices for 1963-1977. For future

years, the totals shown in Table 6.1 were intérpreted as

projected demand. ‘

For 1963-1977 tﬁe input structures for tﬁe public and
private educat%on sectors used in the IEA model are as given
in thé official data, adjusted in the ways described above. .
For future years Fhis structure is maintained with additional-
purchases of electronic courseware, to be described in the
following seqtion, resulting in increased cost per student.
Qver the period cbvered‘by the historicél dé§§, per
:stud;nt real cosﬁs have been increasing for labor, intef- ?
mediate and capital inputs. while the public sector dominqtes“
eduction, with 88% of total enrollment ﬁﬁd expenditures in
1972 of $64 billion compared to S$12 in the private sector,
the trends in cest per student have been similar for public
and private education.

There is, however, a persistent'gab between the level
of public and ﬁrivate costs, the latter usually;highef. For
_all levels the trend has been toward®increasing enrollment
perlpublic school, esgpecially in highe; gdupation, while in .
private schools the.average number ofwggadents increased
slowly if at all-[Grant-and Eiden, 1980]. The difference in’

'higher education enrollment also contributes to the cost

gap: higher education accounted for 30% of total private
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enrollment by 1972 with only a guarter as many students per
school.“ |

One'faqtor COnt;ibuting‘to,the overall inc;eése in co;psl
is thé changing product mix. Between 1963 and 1972, ghé
share of secondary school students remained fairly constant .
for both public and private schooling but élementary school
enrollment declined from 69% to 60% °in pubic-education and
from 64% to S51% in privaté'while higher education’s share
has risen from-si to 13% and from 20% to 30%:in public and
private schools, respectively.

Labor cost isuthe single largést fnput to education, and
its share of ﬁotal expenditures has risen sincé 1963 in the‘J
private sector and declined somewhat in tﬂe‘public sector. |
Most important intermediate inputs.are the same for both
public and private education: Business Services, Eating and
Drinkiﬂg Places. Utilities, Transpor;ation and Wafehousing,
and Maintenance and Repair. The four major manufactured
inputs are Prin;ing and Publishing, Paper and Allied Products.,
Miscellaneous Manufactures (mainly qthl;tic goods, pens, ‘
pencils, art supplies and marking devices), Chemicals and
Drugs, and Petroleum and Plastic Products Lin which thé main

entries are cleaning supplies, paints, motor vehicle lubnicants

and gas). Real Estate is a large intermediate inpukt.

-

2. Electronic Courseware

Some CBI courseware is currently produced by independent
firms, including producers of personal computers:; and some

is produced by individual users of computers. Much of the
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existingzelectrﬁnic‘courseware COnsists of'ITV.taées_and
broadcasﬁs of regular classes,-generally prod%éed.in affil—
iation with iﬁstitutiOns of higher education. .

: Elecgro?iclqourseware was not combined with the two
existing eduéation sectors because both the input structures
and o%tputs differ and may be “gonsumed" independently.
Instead'the.IEA séctoral classification is expénded ﬂo include
CBI {(IEA #Bf) and ITV (#88), bringing the total number of

i<

education sectors to four. Following the lihefature{ we measure .

CBI output in l=hour packages and ITVFOQtput in'thirty—hour

courses. ‘ ¢
The data presehted in this chapter are based .on studies

.

of ITV which provide a detailed input structu;e in physical
units and:=costs [Morris, 1974]. Courses may bé ;aped or
broadqast lige'and an averagelo% fhe two was assunmied. ?he
SURGE program at.Colorado StateﬂUnivefsity.provided the

taped course input structure-and‘Stanford's Instructional
Tglevision, the 1iye broadcast. Table 6.2 shéws the technical -
cbefficiénts for va ét the present time.l This input strﬁcturé
is assuméd to remain unchanged through thecyear 2000. (Costs
- are measured on a per viewqr basis, and ITY outputlrgﬁresents_

the total number of viewers taking a 30-hour course without

regard to how mahy distinct courses are viewed.)




6,17
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-

Table 6.2. Input Coefficients For ITV (IEA #87), 1980 to
2000 (1979 dollars of input per 30 hour course)

L ]

Interindustry Capital
Sector : Coefficients Coefficients

Other Furniture and Fixtures o 0.1777 ' ' 3.3515
Paper and Allied Products 3.3327 L m———
Printing and Publishing 1.5506 R
Office Equipment 0.1454 ' 2.4309 -
Electric Industrial Equipment . 0.1858 ‘ 6.7192
Electric Lighting and Wiring 3.3677 ‘
Radio and TV Equipment - 0,9852 . 18.76086
Electron Tubes 0.1131. . 2.1805
Electronic Components, nec. 0.1454 © 2.6893
Scientific and Controlling ¢.0727 - 1.4133
Instruments v -
Optical+—Ophthalmic-and .
Photographic Eguipment 0.0242" -0.4684
Transportation and Warehousing 8.3425 ’ | e
Communications, except Radio 1.6152 ——
and TV ‘ .o '
Business Services ) ©15.5060 ———
Government Enterprises 1.5506 —-_——

Labor
Coefficiengs
(workers per
Occupation : . 30~hour course)

Managers, Officials, Proprietors ) . .0003
Other Professional and Technical Workers

{TV Technicians and Engineers) . .0011
Stenographers, Typists, Secretaries - 10007
Maintenance and Construction Workers : .0006
Laborers : .0014
Teachers . .0014




CBI output represants the totéi number of one-hour courses
developed, independent of the number of copies or .individual users.
The school system is the major user of CBI;‘and it is assuméd that ~
it makes its own additional copies as copies as ‘'required.

A one—hour CBI packade is estimated to cost $30,000 in
1980 dollars for direct technical inﬁuts,umostly.tﬁe labof

of teachers and computer programmers. An additional $90,000

per package is required for overhead including support services,

managemant,-marketing”and“profit. which we represent as a-
purchase from BusineséIServices. IEA #77. UnderIScenario 33
which assumes a greatly expandéd market, overhead per unit of 
output can be expected to Eall; {See Section b below for the
description of Scenarios 83'.) The rest of the input structure
1s assumed to remain unchanged. Technical coefficients for -

r

CBI’are shown in Table 6.3.

D. The Use of ITV and CBI: 1980, 1990, and 2000

T

l. Industry Use ©f Electronic Courseware

Certain pfoducing_sectors ©of the economy have made formal,
on the job traininé an integral part of théir reseafch_and
development efforts. We expect to sée the Qregtest future
use oflelectEBHic courseware in the following éectors:

Electronic Computing and Related Equipment

Communications.

Radio, TV and Communications Equ1pment

Alrcraft and Parts

Scientific and Controlling Instruments

Chemicals (Biogenetics)

Business Services: (Business Management, Computer
Programming, and Commercial Research and Development)

Finance

Insurance

Health




i -

Table 6.3. 1Input Coefficients for CBI “(IEA #88).
under Scenarios $2, 83, and s53' in 2000
¢ {1979 dollars of input pet 1 hour course)

°

It terindustry . Scenario L
Coefficients- 52 Ss3 - 83"

Code Sector

23 Paper and Allied
Products
77 Business Services

Capital Coefficients

Code = Sector

50 Electronic Computing :
Equipment 8,000
.56 Radio, TV and Commu- 1 '
nications Equipment- -800 800

Labor Coefficients - (wdrkerQXQer l-hour course)

Code Qccupation

& Computer Programmers
14 Teachers

$cientists and engineers in industry will pursue "continuing
education" both because knowledge is changing rﬁpidly in their.
specialities and becausa the number who compléte a géaduate
education is declining - presumably because-hiéh starting
salaries are offered to those with a B.S. while support for
graduate study ié low. 1In adgition,‘ﬁany professors are leaving
-the universities for higher-paying jobé ir industry, reducing

the capacity for producing scientists and engineers in the

future.

-




Survé&s indicate thﬁt fime is the most serious obstacle
to continuing education{wﬁile wofking, particularlf travel time
and the inflexibilipy of class scheduiing [(Grayson and Bieden=-
bach, 1982]. Electroniclcoursewaré offers a solution t§ these
interrelated problems since it can be administgred in the work-
place, alleviating the scheduling constraints aﬁd mqking
Isgecialized classes and a small number Ofioutstanding.éducators
availéble to many‘peOple.l Assignments can be done with the
company's laboratory equipment and computeté which are often
more up-to-dgte than that féund on campus. Mainl§ iTV,-and
very little CBI, has been ﬁsed in this typq of technical
training, and qur scenarios assume that this trend wiil.continue.

+In 1980,.4.4% of working engineers participéted in dégfée
programs via ITV, taking a-minihum.oﬁ one coutrse per Yeér. We
assume that a simiIhr,raté (0.04 ITV courses per emplovee)
applies to Scientists. (This does not iHclude additional
courses beyoﬁd the minimum degree requirements or any courses

viewed in nondégree training programs.)

To determine the. use of ITV by scientists and engineers -

in specific sectors, we madé use of the percéntages of those
personnei‘receiving all types of formal on-tﬁé-job training,
according to a study prepafed'for the Office of Technology
Assessment [Cooke, 1982], These are sﬁown in Table 6.4.

The industry-wide average shown in this table is 18%, about
four times that for ITV alone (4.4%), So we assume that use of
ITV in 1980 is one-guarter of the rates shown in Table 6.4.

ITV is expected to experience rapid growth, and the percentages
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reported in Table 6.4 for 1972-73 for all formal training are

assumed under Scenario $2 to hold for ITV alone by the year

2000, Each user of ITV is assumed -to také one 30~hour course

per year.
Table 6.4 aiso shows other sectors, not included in the

OTA study, which are expected to use ITV for formal training

of scientists and engineers in the future: the repprted‘rateéi

were based on other sectors.

Table b.4. Scientists and Engineers Receiving Formal
On-the-Job -Training in 1972-73
(percentages)

Industry

Ordnance and Accessories ' 31.2%%
Chemicals and Selected Chem1cal ProdUcts 22,2
Fabricated Metal Products . 15.3.
.Machinery except Electrical ' o 18.6
Electronic Computers & Office Machinery 46.3
Electrical Machinery . 30.1
Electronic Apparatus 28.0
Aircraf: and Parts 25.4
Motor Vehicles and Equipment . 31.2

Industry-Widé Average- . 18 0

Communications e 34. B%D

Instruments " 30.4

Business Services .
Commerical R & D 15,2
'Business Management 15.2
Computer Programming . - 15.20

a This group of sectors from {[Cooke, 1982},
b rollowing rsectors are IEA estimates.




Industrlal use of ITV courses in 2000 is quantlfied
Eor alternatlve scenarios in Tables 6.5 and 6. 6. The numbers
reported for Scenario 'S2 in Table 6.5 are taken directly from
Table 6.4 with the exceéption ofIBusineSS Servicég; The.subf

"sectors of Business Sery}bes indentified in Table 6.4 are aésgmédi
to account for about half the scientists and engineers émploygd
in the sector as-a'whale,1yielding the cqefficient'of\.07§
30-hour ITV coﬁrsas shown for that sector in Table 6.5.

Under Séenayio $3, employees in the dominén;}engineefing
or scientific occupation in a given industry can-be expected
to receive one unit of ITV in addition:to usage by other
scientists and éngine§rs ;ssumeq”pnder Scenario S2. For
@xample the usage rate Eorlglectronic engineers in the-
computer industry wiil be 1.00 and:phe rate for all other
engineers and scientists will bé-0r463. These nuﬁbérs are
shown in the last column of Tablé 6.5,

Electronic courseware has also Begn usd to train
managers:' the MBA program is currgntly_a major part of ITV
offerings and is growin§ rapidlyl' Many -states have beg;n to

i;pose educational reéuirements for licehse renéwél especiail&

for lawyers, accountants, architects and various health pro-

fessionals. The American Hospifal Video Network, Eor‘example,

is developlng a program to provide continu1ng educatlon and

medical news to all hospltals in the U.S.

‘Rates'of i?V use in 2000 by workers other than scientists

and engineers are shown in Table 6.6t in all cases this use

is assumed to be twice as intensive under Scenario $3 (and S3')

uqdér Scenario S2. The industry-wideladefage use of .18

-




Table 6.5.

Use of ITV (IEA #87) by Scientists,and Engineers - -

. (LAB #1-8) in 2000 (30~hour courses for S‘cientlst

and Eng meer)

kY

-

Sector

Scenario
s2

Additional Uée Under
Scenario §3 - .

Ordnance and -
Accessqries

Chemicals‘ and Selected
Chemical Products

Fabricated Metals:
Machi nefy

Conpi.nters and Office
Machinery

Electric machinery
Radio, TV, and Commun—
cations Equipments

Motor vehicles

Aircraft

Scientific and cor
trolling instruments

Communications

(except 69)

Radio and TV broad-
casting

Business services

312
.222

.153

.186

for Selected Occupations

Natural Scientists (LAB #5)
Other Engineers (_LAB #4)

ity

" Electrical Engincers (LAB #1)

-~

. Electrical Engineers

Electrical Engineers

Other BEngineers
Electrxc&l; Indastrlal,
‘Mechanical Engmeers
(LAB #1 2,3)

Electrical Engineers

Electrical Engineers

Electrical, Industrial,
Mechanical Engineecrs

Scientists and Engineers are included in LAB #1-8.

B

=




Table 6.6. Use of ITV by Other Workers in 2000
{30~hour ITV courses per worker)

- Managers
(LAB #17)
52 83 . |Other Workers -

Ordnance and Accessories

Chemicals and Selected | .045 | .090
~ Chemical Products L '

Computers and Office .045 090
 Machinery .

Electric Machinery | .045 | .090

Aircraft .085 | .09

Scientific and Con- A
trolling. Instruments - | .045 090

Commanications .045 .090
Finance and Insurance 045 .090
Business Services o .0113 .023-‘ Other Professional

Technical Workers
(LAB #16)

Hospitals . [.0113 | .0223 |mealth .
: , Professionals
(LAB #10-13)

Health 'Ser:vices
excluding. Hospitals
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courses per workef under;ScenarIb 83 is éssumed for high and
middle—levéi managers -who comprise about half the fEA ménageﬁial
classificgtion for LAB #17, Qiélding‘afcoefficient of .090 for
all éeétors except Business Services and Hospitals. In these
two ‘sectors, managers eligible for ITVébQSed'tréiqing comﬁrise
oqe—eighth the IEA cléssification, yielding a coefficiént of ,023;'
Health and various other professionais will provide ; large
: 5
market for ITV producﬁs, but these will be élowe; to develop
than the scientist, engineer and manager markets {Grayson and
Biedenbach} 19821. These professionals, eépécially those in
service industries, :eqhire specialiged lraiqing, often for .
license renewal, rather than standardized degree programs ‘
which can be taped from a conventional, college—bgsed class.,
Health care ins;itutions are small, deCentralizea aqd inde-
pendent and tend to arrange'their own training programs
iﬁternally.
Lawyers, aécoudtants and architec;s were estimated to

account for 80% of the occqﬁétional cafgﬁﬁry 0theryProfes~

sionél and Technical Workers employed by the Business Services

sector, Under Sdenario $2 it is assumed that one-quarter v

of these professionals, or 20% of Other Professional and

Technical.Workers,gobﬁain additional training: and 25% of

these, or 5%, use ITV by 22000, This rate i; dbubled.pnder
Scenario 63 _ ’

Hospitals have always prbﬁided a disproportionaﬁely large
‘amount of training because tﬁier extensive, centralized

facilitiés, often affiliated with a medical school, are yel;"a.
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Y , _
e&uipped for this purpose. Under Scenario S$2, 12.5% of all

thealth professfonals_empléfed by hospitals but only 3.1% of
those in other health seryices, use ITV. The latter.assdhption
is based on existiny or proposed educatiOn;reéuiremenﬁs Eof
license reﬁewél for these profeésiOnals.' Again, thesé rates
are doubled under Scenafio 53. - |
Under all scenarios the use of ITV is assumed tolbegin in
1980 at ohe-quartgr the rates shown for Scenario sz-in 2000 |
(faé;%n industry-ﬁide rate of 4.5%) 'and to increase linearly,
. reaching the full value in 2000, except for Hospitals and
Other Health Services. Theseltﬁo industries begin to use ITV
in 1996 under Scenario 32; and in 1985 under Scena;ioﬂs3 in‘ )
an amount equal to'One-tenth-the value shown for Scenario $2
in 2000. ’
The information given in-TgblesIG.S and 6:6 is assembled

o produce row #87 of the A matfix for a given year,ushowiﬁg
the distribution of ITV to using sectors, in ﬁhe following
way. The parameters describing the use of: ITV per wbrker by
occupatio; (i) for each industry (J), kjj, are arrénged‘in :
é matrfx 9E 54 rows and 89 columns--exactl&_the EoEm of the
L matrix qf.labdé réquirements per unit of output, lij. Thé
element-by-element préduct of these two map;ices (kijlij).
results in a matrix ééntaining ITV requirements per-unit of:
ocutput by occupation and industry. The'éolumn sums} whidh

represent -total ITV input per unit of sedtoral output, become

row #87 of-the A matrix.




-2, Use of Electronic Courseware by'ihe Piblic and Private

Conventional Education Sectors .

ITv in higher education is used essentially.for QEE~
“campus students and”is represented in this study as purchases

by industry and households. CBI packages in higher educat1on

=y

have been developed by instructors for their own use. and |
there has been 11tt1e if any systemat1c distribution of such
courseware at the university level. This section concentrates
on the use of electronic cou}eeﬁere at fhe elementery_apd
secondary leyel, where ITV willgee_used,for teacher tfafning
and CBI for_studentiinstruction. The extent Qf ueage will.
depend upon the availability df-cbmputers and prevailing
attitudes toeafd their use in‘education.

Under Scenario $2 we assume thet the use of computers in
primary and secondarfledueation grows slowly, reaching 980,000
personal computers by 1990} and 1, 500-000 by 2000- this |
would provide one terminal for every thirty students by .

2000, roughly one hour a week on the computer pet stdaent.
Unde;_th}s scenario the combu;ers are used essentially in the
tutor mode with purchaseg_courseware and no use oﬁ ITV for
teacher trainiﬁg. "By 2000 -only one CBI course per"SQOO
comphters will be developed, and ehislgith no savings relétide

to present cost structures.

1This number is projected for 1986 by [Geller, 1983].
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Under Scenario $3, electronic courseware is integrated
into primary and secondary. school curricula, A blausible

national plan, outlined by Melmed [1982al would provide

enough hardware to give each student l/%1hour a’'day on the

computer. With 40 million elementary and 5ec0ndary school

students projeéted for 1990 and a 5-hour school day, about 4
million éomputers would be required. Adding athhef million

for backup, this reaches a total of 5 millidn.“Asshming.an_

.--average 1982 cost of $1,000 per compuEer and a S-year lifetime,

Melmed estimates a $1 billion annual cost, or $25 per student,

for hardware, a véry small percentage of total educational

Sats
N%
to’ about 10 million cOmputers in the schools by 2000. Ten

ts., Under. this scenario computer u:e continues to grow

percent of all teachers rece1ve training through ITV by 2000.
Scenario 83'.alsg ‘assumes a rapid growth in this
form of education but with the initiative taken mainly by
households rather than schools. Nonetheless, there will be
twice as nany conputers in snhools as under Scenario $2, for
a total of 3,000,000 by 2000. High schools provide the
basic skills required in the workplace sucn as computer
11teracy and word-processing and &lso use electronic courseware
in mgihematics and science classes. The rate of conrseware
use is .the same as under Scenario $2; anq nhile éome teacher
training is réquiren, ITV is not used for this nurpose.
Purchases of CBI and ITV are easily obtained using the

parameters summarized in Table 6.7.
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Table 6.7: Use of ITV and CBI by the Public and Private
Education Sectors 'under, Scenarios 52, 53,
- ‘and s3' 'in 2000

o

. CBI Courses
ITV per Teacher Computers per per Computer
scenario (30-hour course} . Student (1-hour package)

- . 1/30 - . . 17500
1710 | s 17750
- o 1/18 1/500

3, . Use of Electronic Courseware by Households

At present almost every household in the U.S. has at
least one television set. Twenty-eight million residences

were wired for cable by early 1982, and the number will reach

' ] * .
58 million by 1990 [Grayson and Biedenbach, 1982]. A large

and growing number have personal computers as weé&,_but tﬁere}
is relatively lﬁffle use of electronic courseware:sy households
at this time. Continuiné education is growing:in bopulérity,
but it is unclear what share of this market will take the form’
of electronic courseware used in ﬁhe home.

Children and adults, individually or in small group tu-
torials; could use electronic courseware for an enormous
range of purposes including job-training and retraining programs,
informal reading:and general education, and the popular
"continuing education" programs. Education based in £he'home

could grow very rapidly indeed in light of what some consider

a failure of traditional education.




E
d

. "

For many workers general academic skills may be more .

important than the specific vocational training on-which"

high schools have traditionally focused. The word processor,

¥ .

for gxample._?gngsed more ‘effectively by someone with the basic
skills to handle and process information than,by,an excellenp-
rote typist [Center for Public Resources, 1982]. The self-paced,
individualized instruction made .possible by electronic course- .
ware is particularly important for reme&ia@ eddcatiOn-where
learners may be embarféssed aqdﬂﬁrustr%ted in cOnventiQnal

CN
.learning structures., Control Data Corporation ‘has developed

a CBIl pacéége for remedial education which has been successfully.
used by industry. |

Under Scenario S2 we assume that the use of ITV in the
hoﬁe, which started iﬁ 1980 at a level of 9,000 courses._réaches
"only 200,000 by 2000; invglviqg'limited use for job retraining
aﬁd mainly prdfessibnalland géﬁgral education Eqr the-h;ghly
educated and éffluent-and, notably, their <hildren. T@ice'_
this amdunt of usage in 2000°is assumed under Scenario §3 (and
83'). Iﬁ all éases this usage starts from the same low level

in 1980 and grows linéarly to 2000,

Uﬁdér all scenarios we assﬁme that the use qf CBI by
households beéins'at near zerg levels {10 courses in_1980);
grows relétively slowly between 1980 and 1990, and then
mbre rapidly in the next decade. The technology of CgI is
less familiar and accéssible to most people than that of ITV,

S0 we expect an initially SIOwér growﬁh of usage. Scenario

$3 corresponds to the most intensive household usage, compeén-
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sating for the slow adoption in primary and secondary schools.

The total use of ITV and CBI is greatest under Scenario $4 since

" its use in the schools can be expected to promote professional

-and recreational-use at home. CBI-is—not-directly linked to
computer use by households (as it is Eor education) since house-

hold computers will be used for. games, business, Einéncial‘and"

assorted other purposes. The assgmptidns about the use of

electronic couiseware by households are summarized in Table 6.8.

Table 6.8:

1990 and 2000

Use of ITV and CBI by Households
under Scenarios S2 and 83 in

Scenario

ITV in 2000
(30-hour courses)

CBI in 1990
(1-hour packages)

CBI in 2000
(1 hour packages)

82
53
s3!

200,000
400,000
400,000

100
450
600

1000
4500
6000
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Chapter 7. Health Care

A, Introduction,

The health garé/;;stem is an incfeasingly important

sector in the national economy. It grew from 5.3% of GNP in-

1960 to aimost 10% in_l981, by which time it directly employed

more than seven and a half million pebple. The provision of

health care has undergone considerable change in organization,

services pfovidéd, and input requirements for delivering
these sérvices: Curfentldébqtes focus on issues of cost and
the determination of what constitutes adequate health care.

Through the fir-e half of this century the hgalth care
system was based on the indepeﬁdent practitioner. However,
thé delivery of héalth care Has'now debisively shifted toward
hospitals because of the availability of new technologies
requiring specialized personnel and equipment accompanied by
the growth of third=-party financing. -

Health insurance briginated-in the 1930's to protect
individuals reduiring hospitalization from personal bankruptcy.
By 1950, alﬁost half of hospital costs were covered by third-
party payments, mostly privéte insurance; and by théAmid- '
1970's coverage had risen to 90% [U.S. Department-of'Health
and Human Serviées, 1982). Third-party cbverage‘for total
" health care expenditures since 1929 is shown in Table 7.1.
Until recently, health insurance pai@ fixed premiums and
covered ﬁospital care only; even today most insurance is for
hospit;l care. This policy may encourage unneéessary hOSp;tal-_

ization even for routine procedures and an excessive number
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Table 7.1. Third Party Coverade of Health Care Expenditures,
1929-1980 *

Percentage ‘Percentage Covered
Percentage Covered by * by Third Party Payments
Year of GNP Direct Payment Total—|—Private. Public

1929 ‘ 88.4 11.6 2.6 | 9.0
1940-| . S I P 3 18.7 . | : . 2.6 16.1
1950 65.5 34.5 12.1 22.4
1960 . 54.9 45.1 . 23.3 21.8
1965 51.7 | a8.3 26.7 |° 21.6
1970 - 39.9 - : 60,1 25.6 34.5
1980 32.4 67.6 28.0 39.6

Source: [U.S. Department of Health and Human Services, 1982]

of tests and procedures per patient. 1In addipiodzit may
reduce the incentive for hoépitals,to contain cosks,- in turn
allowing supplying industries (e.g., the bhérméceutical -
sector) the opportunity for substantial mark-ups.

Increa31ng pros 151on of health care services is also the
product of changing social. attitudes. Health care has come '
to bé viewed §s a right whose access should not be limited to
those who can afford it, Coverade for the elderly and the
poor was considerably extended through Medicaid and Medicare
legislation in 1966.

of course, therg is. no unambiguous definiticon of heélth
care -needs. In addition, there is often a lack of conﬁensus
on appropriate treatment even within the medical professioﬁ,
a difficulty in;ensified by rapid technological change: "A

recent Scientific American article reported tha&idifferent

rates of surgery in various regions of the country were often,

-

explained by phy51c1ans' preferences——not differences in
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population, hospitals, or env1r$nmenta1 or other factors
[Wénnberg and Gittelsohn, 1982]. Despite tremendous advances
in medical knowledge “and technology, or possibly because'pf them,
the definition of adequate health'éére is - elusive. So long
as céverage‘is—open-ended, demand seéms to be'unliﬁitéd.

The remainder of this chaptef is divided into two
sections. -Section B describes the major componercs of the
héalth cére,industry and their representation in the IEA
model for the period 1963-1977. ‘Tﬁe final section describes

two explicit scenarios about developments in l2alth care in
) ) _

the United Statés through the year 2000.

B. The Production andIUse of Health bare, 1963-1977

The IEA model include§ two health care sectors., Hopsitéls
(IEA #81) and and heélth Services (IEA #82f. Wwhile the most de-
tailed IO tables decompose tﬂe latter sector into two—-—-separating
Offices of Doctors and Dentists from the regt-—they‘were-aggre-
gated for‘this study QUé to the limited availability of sys-
tematic data on sepaféte cépital and labor requffements.'

The conventioﬁal I0 repre;entation-accounts for pribate
and public health care differeﬁtly, shdﬁiné-public health;care
as part of final demand. State andllocal governments operate
about 30% of all general hospitals, and another 5% are ;uﬁ by
the PFederal government, mostly Veterans Administration.
While publlc hospltals prov1de some setvices free of charge,
their fees for most services are comparable to a market prlce.
In addition, they use inputs and provide outputs similar to

those of private hospitals. For these reasons they closely
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résemble a government enteyprise thch is usually included
-insiqe-the 10 table as a producing sector. We have included
both private and.pubiic health care inside the IO table within
the two IEA secLoré. All health care is assumed to be delivered
to households, | |
The final demand column in the IO tables describing -

state and local gdvernment purchases for health; welfare, and
'sanjtation is predominantly hosp?tal service; the total'v&iﬁe-
of its purchases iﬁresumed to ﬁéasure.the value of its ‘
output) was added to thé deliveri;s'of private hospitals to
households., Since the finélldemand_column by.canvehtion
includes .purchases on both curfgnt and éépitél accounés, the
detqiled information on the inéut structure for private
hospitals both on the cagital andlthejcurrent agcdunts was

used for the combined sector. The small share of hospital

seryices provided by the Federal government has remained in

fingl demand,.

The histdrical data on capital (B and R matrices) and

labor (L matrix) requiremeﬁts for the two health care sectors
were coﬁputed in the general way described inIChgpter 3.
Output of the heaith care sectors was deflated to 19?Qtprices
using the official BLS deflators: " the COnéumer Price Index
(CPI) for the daily service charge.in theé cése of Hpséitals
and the CPI forltotal médical care, eyeglasses and laboratory
ﬁeSts; physicians' and dentists' fees in the case of Other ’
Health Services., (In‘future work we-will attempt ﬁg measure

real output in rerms of actual services provided to different
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categories of patients drawling in part on tﬁF voluminous
. N . ST N f
information available in Ppbllc Health Service documents. and

specialized 'studies such as those cited among the references

Il
i

for this chapter.) > . /
' _The remainder .of this seétion is div{ded into three

parts describing structural change in diffefeﬂt parts of the
health care syste; in the 1960's and 1970's. This serves as

background  for -the scenarics in Section C about prospects for

the next twenty years., - i

1. Hospitals

During this éentury hospitals ha?e beeﬂ pro&iding ah
increasing amount of health care. .While the number of phyéiciqns
per 100,000 population declined from 1}6'intfhe year:1850 to a
low of 131 in 1965, risiﬁg’slowly to 172 by 1978, the number of
general hospital beds per 1,000 population has .risen Eéom 2.9
in 1920 to 5. 0 by 1976 and total days of hospital care increased
three-fold between 1930 and 19276 [U.S. Departﬁent of Commerce,
1979; U.s. Department of Health; Education and Welfare,
1974b, 1976b; U.S. Department of Health and Human Services,
19796, 19811. ‘ '

Data describing the changing utilization of hospitalsl
be:ween 1963 and 1976 are assembled in Table 7.2. While the

. number of hospitals has declined slighlly, the average numbey -

of beds per hospital grew by 39% over this period. Beds per

lThis discussion is about general, short-term, acute-~
care hospitals. Specialty and long-term care hospltals pKOV1de
mainly psychiatric or tubercu1031s care.
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1,000 population has leveled off at about 5, which is. the
official government- target. The number of ﬁays of care fwhich
excludes-putpgtient.and eﬁergency room care) has incfeaséa'by,

Table 7.2. Utilization of Short-Term Hospitéls, 1963-1976

-

Percentage
o ' ‘ Change |
1963 - 1967 ¢ 1972 1976 - 1963-1976

Total Hospitals 6,710 | 6,685 6,491 | 6,361 -5%»
Total Beds - 811,876 (958,729 |1,044,064{1,068,828 32

Beds per 1,000 . .
Population 4.3 4,9 4.9 5.0 16

Average Beds . _ . y
per Hospital 121 - 161 168

-
& L]

'Numbeg,of-Days of ° ' .
of Care (1,000°'s)|227,1362|238,703 243,528 245,110D

Discharges per ' )
"1000 Population NA 146.9 158.31 . 167.7

Ayverage Length : : - )
of Stay 8.4 7.7 7.2b

a in 1965 oo ]

b in 1979

C 1967-1976 '

Sources: (U.S. Department:of Health, Education and Welfare, 1974b,
1976b;. U.S. Department of Health -and Human Services,
1979b, 1981]. : . .

i

£l

o
3

:8% while the average length of stay has declined by ;he same
ambunt. and tﬁe number of discharges per i,000 population Qés
14% higher in 1976 than a decade earlier. |

The services provided by a hospitai during a typical
"day of care" have shifteg-significantly due to changes in

medical practice and in demdgrabhics. The rate"oflsurgery per

1,000 population has increased 42% in the decade of the 1970's,
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from 78 to 111. ' The declining birthrate has reduéed‘the T
relative incidence- of childbirtﬁ,-whichlusetho be thellead;ng.i
cause of hospitalization. (Newborn infants are not included
in the number -of discharges;i The,median age of the population
has beenISPeadily increaéiﬁg, and the‘gqoéinglgropdrtion of
older beople—-especiaily'wqmen-—has distinct héaltﬁ care
requirments.

‘The combination of a_shorter-average 1eng£h of stay and
a higher rate of surgery has been accompanied by an increased
amoupt of direct care, paper. work éna othé; support services
per patient as well as intensified use of various'fypes of
equibmé;t. Table T,B-Showsethe grogth in‘n;mbér of medical
services per case bétween 1951 énd iB?I. |

Comparison of the input structures accbfdiné E& éhe'IO_,
tables for 1963, 1967 and 1977 ﬁakes it possible to iaentify,
the méjor afeas of change. The proportion of nomihal_césts
-accounted for by intermediate inputs'has.incréased, with‘phe
value~added portion=--which is mo;tiy ﬁhe wagﬁrbill;nfhlling
Eroﬁ 67% to 62% between'1963 and 1972, Over the sameuperiod}'
the intermediate costs to produce a given level of cutput grew
by over 40% in réal terms (in-1979 prices) since the unit
price” increase for the output of hosgiﬁélé is gfeater than that
for virtually all of its inputs. {(according t& the BLS deflators).
While }ood and drugs are majer inpﬁts, the largest increases
are for services including data processingi hospitals have

generally contracted out instead of hiring their own programmers.

Other purchasés which have grown as a portion of total costs .
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Table 7.3. Number of Medical 'Services per Case, by Type
' of Service and Diagnosis, 1951-1971

»

LABORATORY TESTS
Appendicitis, simple
Appendicitis, perforated
Maternity Care &

Cancer of the Breast
Myocardial Infarction’
Pneumonia, Hospitalized

X-RAYS
Myocardial Infarction
Pneumonia, Hospitalized
Cancer of the Breast, Diagnostic

ELECTROCARDIOGRAMS
Myocardial -Infarction

INHALATION THERAPY
Myocardial Infarction
Pneumonia, Hospitalized

Source: [Scitovsky and McCall, 1976}

‘e f .
are 'various plastlc products, marklng a trénd toward the use
-of disposable items: espec1a11y in food services, Chemlpals,and'
petroleum products which are major inputs for clinical labofatory

tests have grown more lmportant, reflectlng the increase in

both the number and utlllzatlon of tests. The portion of

costs devoted to photographic equipment has also risen, due

to increased use of both X-rays and photocbpy}qg eéuipment.

The health industry, especially hospitals, Has_been a
major source of employment grﬁwth in the 1960's and 1970's
particuiarly for women and_minoriﬁies. Table 7.4 indicates

-
an average annual rate of growth of 8,.5% between 1960 and

R57
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1978 with the most rapid growth (20.4%) between 1966 and
1970, when federal coVerage_was‘provided for the poor and
eldefly, Lower growth for 1970 to 1978 {4.7%) suggests that

the surge in*demand has leveled off.

Table 7.4. Health Care Employment, 1960-1978

Average Annual

Rate of Growth

Hospitals . Since Last

All Health Hospitals as percent Benchimark Year
Care - of total All Health|Hospitals

Care

1960 | 1,547,600 | 1,030,000 66.6%
1966 2,206,500 | 1,418,500 64.3%
1970 4,630,900 | 2,960,400 | 63,93

1973 6,698, 400 3,900,300 58.2%

Source: [U.S. Department of Labor, 1980].

The health care worklfo:ce includes_those directly deliver-

-

ring care, clerical workers, and service workers. Health care
practitioners are defined to include physiciaqs{'optometfists,
pharmmacists, Qodiatrists, vete}inarians, and regisféred'
nurses; the remainder are often calleé allied health workers. °
HosPiEal iabbr requirménts'per‘unit of output (i;e.,
ﬁabor coefficients} for physic;ans and surgeons and fdr
registered nurses have not changed much between 1963 and
1977. Other praqtitioners are not sepérately identified in

the IEA occupational classification scheme.

- Allied health personnel account for about two-thirds of

L

R n ! .
the industry's workforce and grew more rapidly than any other
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part of the national workforce between 1966 and 1978 lseksceﬁskiﬂ

o

1981; U.S. Debartment of Health and Human Services, 1979%a},

The complexity of their training requirements and of their

responsibility has also increased. - More than a hundred allied

health occupation$ have been distinguished:; often a new
occupation is created for each new type of medical techﬁoloqyf
and many take on work previously done by:prac;itioners. The IEA
océupational classification scheme distinguishes Healtﬁ‘
Technologists (LAB #13), requirements.for which have grown.
significantly between 1963 and 1977; other allied health
occupations are dispersed among clerical and service catgdories.

In the 1960's allied health workers learned their skills
through in-hospital training, and 'almost none were licensed,

Due to technological change accompaﬁied by increased areas@of
.xesponsibility, the need for "middle-level™ health practitioners
has emerged in areas such as medical record-keeping and ‘
clinical laboratories. Numerous specialties requiré cdllege
level training, and regulation by licensure is also growing.

A nurse pracpitionef, nuréé midwife, or physician's
assistant is said to increase the number of visits a physician
can attend to by 25-30%--even more in group practice [U,S.
Department of Health and Human Services, 1979¢c; U.S. Department
of Health, Education, and Welfare, 1974al. At present there
are very few“such "physician extenders," and®rapid gfowth in
their use for hospital care is opposed by physicians.

| ‘Because of the extremely high turnover of RN's in hospitals,

various approaches have been formulated (e.g., primary nursing

253




7.11

and clinical nurse specialists) to increase their training
: and expand the scope of their responsibility to include some

@

of the work now done by physicians and some by less skilledl
LPN's or nurses' aides. in practice, hoﬁever, it‘is rae
role of the LEN that has been expandlng {U.S. Department 55
Health andoHuman Serv1ces, 1979¢; U.S. Department Health,
Education and Welfare, 1974a].

Health care hasltraditionally been characterized By a
strict division of labor established by physicians' guilds.
Many of the factors dlSCUSSed elsewhere in thls sectlon, |
coupled with a projected oversupply of doctors by 1990, may
lead to subspantlalechanges in the organization and respon-

1

sibilities oﬁﬂhealth personnel.

Technological change and in partlcular computer-based
automation have affected all aspects of the operation of a y -
hospital.l Computers began to be used extenslvely in hospitals
for bookkeeping, billing, inventor} conrrol, and patieht
records following the introduction of Medicare and Medicar&. S
in 1§66 which doubled paperwork per éatient. It is estimated
_thatltoéay 20-30% of hospital cests are for the-ﬁahdling ef
this type of.lnfdrmation and could be significantly reduced
by the 1nerease¢ use‘of compurers (Mahajan, 1979; faul,.1982]f° B ::

]

Hospital laundries and kitchens have become more efficient

L]

through the use of larger scale and more automated equipment,,
the introduction of computer inventory control and menu

planningv'and shared laundry and purchasing operations among

hospitals. At the same time, the widespread use of disposable .

4

1

| 280
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items, from paper plates to disposable gowns and medical
equipment, has drasticallg reduced the"cleaning; sﬁerilization
and storage activities. |

Health professionals have bégh'feluctantuté-IE;;Eify‘

specific cost savings from the application of computers to

the delivery of health care, but case studies indicate significant -

benefits especially in the reduction of congestion and the
quality of céfé._ Computqré have impro&ed speed and accuracy
in controlling test equipment in clinical laboratories. 1In
multiphésic screenihg centers they handle most procédures in
& routine physical exam although:their role in diagnosis has
been limited [Schwartz, 19821,

A great deal of controversy surrounds the-use of ﬁany of
the new techndlogies for both diagnosis aﬁd treatment because
of their high costs in the service of very small, specific
patient groups and sometjées their unproven efficacy or
undesirable side-effects. Nb@ that‘the infectious. diseases
have for the most_part been brought under control, the major
causes of qéath are heart disease, cancer, and aécidénts.

Prevention through control of diet, smokKing, and unsafe work .

conditions has not been the major focus of modern medical

researcch.
Cobalt radiation therapy is an increasingly common
treatment for,kancer. Its high cost is due to both the
equipment itself and the need to shield sé%ff and surrounding
population [Russell, 1979]._ Of the 430 people per 100,000 -

population treated for cancer each year, 70% receive cobalt

261,
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»

therapy. It is a short-term palliative with very serious . .

side-effects whose benefits are difficult to assess.

Open heart surgery reguires expensive equipment.and..
extensive supporting staff and facilities; Inlthe late 1960's"
surgeons were concerned about underugkl@zétion of the equipmént,
but 'its use has ;rown rapidly since then and is now abouf
150,000 ingéréentions a year [Russell, 1979]. This growth is
explained in part by an aging population with increased .
insurance coverage, in part because the operation is sometimes
now performed as a preveq}ive measure, - |

In 1973 legislation amending Medicare hade kidney dialysis
For artificial cleansing of the blood costless for the patient,
By 1976 about 32,000 patients were being treated at the cost
of $6843miilion, and the number of patiénfé is expected to
grow to 60,000 by the mid-1980's [Altman and Blendon, 1979]. -

Computerized axial tomography (CAT) scapning is a
diagnostic prﬁcedu;e using a conventional X-ray source and
‘injection of a contrast material; aﬂcombuterjprocesses and
displays the image in narrow cross-sections. It is considered
as accurate as alternative procedures and probably exposes
the patient to less risk. The first scanner was installed in
the U.S., in 1973 and by mid-1976 317 had been installéd with
another 335 on order. The averaée machine at that time cost
about $450,000 [Altman and Blendon, 1979], Considerable

economies of scale encourage frequent use, perhaps more than

warranted, at a cost of at least $200 pet scan.
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Ultrasound technology, used extensively for diagnosis in

obstetrics and cardiology, is one of the bright spots among

recent technofsaical developﬁenﬁé; Tﬁé_ééﬁputer analyzes
Qound waves to produce an accurate image of internal structures
at low cost and little or no risk to the patienf. it is nowi
standard hospital egquipment, and new uses are gtillrbéing
discovered. o N

Positron emission, tomography and nuclé;r.magnetic
resonance (NMR) are two new imaging techniques that have not

yet been marketed. NMR may replace CAT scanners, providing

more information and at less risk to the patient. A nuclear
magnetic resonator costs between $1 and $1.5 million.

Aﬁ important spructural‘change iﬁ the Jrganization of
heaiﬁh care delivery has been the emergence of the intensive
care unit {ICU). In 1962 only one hospital in eightéen'had
an ICU. By the mid 1970's over 5% of all hospital'beds were
in ICU's ana eve}y hospital had at least one Such unit
[Russell, 1979]. 1ICU's group patients in critical condition
into coronary, stroke, respiraton&, rena;, burn, neonatal,’
pediatric and poisoning care units where their treatment
involves more labor, eguipment’, and space than could be
devoted to them on a regular ward. An ICU often has its own
EKG, X ray and‘labﬁratory units, computers and closed circuit
TV. The nursing staff is typically more skilled and three
times as numerous (peér patient) as on a regular ward.

In what has traditionally been a not-for-profit,

decentralized industry, there is a growing trend toward
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larger,” more consolidated and often specialized hospitals;

_andwavshiﬁt,£o—£epup&e@%ﬁ—&t&t&s—fshcnitkT'Tﬁu1i.: w1tﬁ the
increasing importance of expensive, specialized equipment,
these organizational‘changes are intended to reéuce duplication
and bureacracy and achilevé economies of scale at a‘time when
hospital management is under increasing preéSure, from private

health insurers and government legislators, to reduce costs.

.2, Qf fices of Doctors and Dentists

Between 1965 and 1978 the number of doctors per 100,000
population rose from 131 to 172 and the numbeE_SEJE;ﬁEIEEQM-'m
increased ErOm 47 to 53 (see Table 7.5). At the same t1me
-the proportion of sﬁecialists has gréwn, and group practice
has become an- increasingly common arrangement.

Despite the increasing supply ©f doctors and dentists;
Table 7.6 shows that the rate of utilizatién has not changed
much since 1963 when.pef capita visits numbered 4.8 to the

doctor and 1.6 to the dentist. The nature of consultations

with physicians, however, has changed with the virtual

elimination of the home visit.

I

Table 7.5. Doctors and Demtists per Capita,
1965-1978

Doctors | Dentists
Per 100,000 © Per 100,000
Populaticn Population
1965 131 - 47
1970 137 : - 47
1972 ’ ' 146 47
, 1978 : 172 ’ : 53
Sources: |U.S. Department of Commerce, 1968, 1981; U.S.. . ..
Department of Health, Education and Welfare, 1974b,
U.S. Department of Health and Human Services, 1980,
1982] . ] '

St
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: Although Offices of Doctors and Dentists are. the most

labor-intensive of the health care sectors,. the value-addgd
share of nominal costs has declined from 84% to 77% between

._ 1963 and 1972. This is in part exPlainea by the growth of

i,

group ‘practices involving sharing of clerical, nursing, and

laboratory personnel and of capital equipment. In éddition,

there is increasing use of less expensive, non-physician labor,

The use of déntal auxiliaries haé increased tremendously"
from 70 per 100 dentists in 1950 to 122 in 1976 [U.S. Department
of Health anﬁ Human Services, 1980;:615. Departmentlof Health,
Education énd Welfaré, 1974a), ana all dentists are now trained
in "four~hand dentistry" involving at least lone auxiliary.'
Studies have shown that a deﬁtist with no agkiliaries treats
about 30% Eéwer patients than the average‘dentist with up to
three auxiliaries. Unfortunately, both dentists and their
auxiliaries are included in a single residual category (Othe:

Table 7.6, Visits to Doctors and Dentists,
. . 1963-1979

Total Visits - ) :
{ millions) Visits per -Capita
pDoctors Dentists Doctors Dentists
1963 844 294 4.8 1.6

1967 8312 2600 ' 4.3 1.3

1974 1,025 342 4.9 1.7
1975 1,056 341 5.1 1.6

1979 1,022 366 . 4.7 1.7

4 July 1966 - June 1967
1968 . ) o _ ‘ : )
Sources: [U.8. Department of Commerce, 1968, 198l: U.S.
Department of Health, Education and Welfare,
1974b] . g ' ]
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Medipal Pfofessionals, LAB #12) in the IEA océupational
classifica;ion. P
The services~-especiqlly'mediéal sérvices;-represent a

largef share'of costs for Offiées of Doctors and Dentists'
than. do manufactured goods. There is also large and growing
input Erpm §ersonal and repair services, miscellaneous business

services, and professional services--more lawyers, accountants,

billing agencies, and servicing for a growing amount of

sophisticated egquipment. The most rapidly grwing input to

this industry is insurance.

Of the manufactured inputs, periodicals and book publisﬁing-
are the only signifiéant goods not directly related to medical »
care. Drugs and petroleum productsgare both’ important.

Surgical instruments and supplies, including syringes,
pandages, cotton and all kinds qf tocls and equipmené, have
been increasing rapidly, reflecting new techniques_énd
increased use Qf disposables. M#any iﬁstruments, for exémple

scalpels and syriﬁgeq, are now disposable.

3. . Other Health S€rvices

Other Health Services is a-hetercgenous sector. The

largest single component is the nursing home igdustryzr in-

dependent medical and dental laboratories, birth control clinics,

bleod banks, visiting nurse associations, all nonphysician’

2This will for the first time be disaggregated as a sepa-
rate sector in the official 1977 I0 tables due to be released by
the BEA later this year.
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licensed health pfactitioners, and health maintenaﬁce organiza-
tions (HMO's)-are also'included. |

The  rapid growth fﬁ_the uée of nursing homes is illustrated
in Table 7.7. "This can be explainéd by tpe‘afing of thé
population, the tendency of older Americans to live in
households separate ffom-thei?lchrlareq, and Medicare coverage
for nursing homes starting in 1966. | |

Other components of ﬁhié sectornﬁave also been growing
rapidly. the number of HMO's rose from 20 in 1965 and 26;in
1970 to 265, with 10.5 million members, by 1980. Overall-
costs . to members are estimated to be 15-20% lower than for

other forms of delivery (Business week, 1982y,

As of ;969 indepéndent'laboratories were by law allowed

to be headed by licensed non-physicians. In addition, thﬁ

LY

Table 7.7. Nursing Homes, 1963-1973

Percentage
: Change
1963 1967 ~ 1971 1973 1963-1973

Number of . . SR & -
Facilities 16,701 19,141 22,004 21,834 313

Beds (1,000's) 569 - 837 | 1,202 1,328 133

Residents (1,000's) 491 | 756 1,076 1,198} 144

Sources: [(U.S,. Department of Health, Education and Welfare, 1974b] .,

+
4

L

large‘aggéy of new diagnostic¢ techniques has been accompanied by
t increase&,demand for laboratory services. As a consequence,

the number of independent laboratories has grown considerably.

i
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In 1975 there were 15,000 clinical laboratories ocutside of
doctors' offices, about half 1p hbspitafs éﬁd ﬁalf independent.
The latter attained revenues §E about $5.5 billion [Altman
and Blendon, 19791.
fhe diVersity of this sector: with its .changing product‘
mix, obscures a techn01901cal interpretation for changes f
in the cost structure. This is, however, the only one OE the
three health care sectors for which the value=added share
of nominal costs has risen between 1963.ané 1972 (from 63 to
68%). The share of services has aiso been risiﬁg consisteﬁtly,
especially personal ‘and repair services, mlscellaneous bus1ness
‘serv1ces, professional serv1cas, and other med1cal services.
The increased share of costs allocated to food and the
declin1ng share for surgical supplies in the aggregate sector
reflects the growth of Eull-boarq,-primarlly custodial nursing
homes. Miscellaneous plastic_products, usad‘throughout the
sector, drew rapidly. Mozt dramatic is the increased share

of photographic equipment, used both .for X-rays and photocopying.

C. The Future Production of Health Care

The scenarios described in thls sectlon assume that we
will continue over the next two decades tO improve.the'“quality“
of health care in the sense of,devotiﬁg more resoﬁrces than
under the baseline scenario Eo satisfying the same £inal
demand. This implicitly assumes no major bfeakthroughs in
prevention techniéges.

These scenarios are based in part on the extrapolation

of those past trends that can be expected to gontinue, according
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to the gqualitative analy$is in the last section of this
chapter. éﬁe_}ncreased use of computets and.office equipment
and associated changes in employment for administrative |
operations are discussed in Chapter 5 while the incrgaéed

use of computets for “pfoduction"'is described fn Chaptet 4.
Other changes in input structure after 1977 are summarized

" in Table 7.8.below.

ProjectionSuof increased use‘of specific ltems of capital
through 1980, including CAT scanners and nuclear magnetic
rescnatots, -wete obtgined from market ;esgargh studies [Gruson,
1983; Portugal, 1982]Aand are the basis for the increase in
capital coefficients shown in the top' panel of Table 7.8.

o

.- ..._The_mjddle panel of the table shows projected increases

. ) __________-_'___—_——_____________
. ! ] - - e —————— e
in the use of -intermediate goods and services. The rates

shown are the average annual rates that obtained between
1972 and 1977. The.labor coefficients shown in .the Bettom

panel of the table are also assumed to grow at the average

annual rate actually experienced between 1972 and 1877.

Under Scenario S3, the average annual percentage
increases 1in coefficients shown in Table 7.8 are compounded
over the period from 1978 to 2000. Under Scenario‘SZ, this
| procedure 1s followed oniy through 1990 and the coefficients

-remained unchanged thereafter.




Table 7.8 Tnput Structure for Hospitals (IEA #81) and Other Medical
and Health Services (IEA #82) under Scenarios S2 and $39 1978-2000
(annual rate of increase aﬁter 1977, in percent}

“Other Medical an
- | Hospitals | Health Services
- ’ (IEA #81) {IEA #82)

capital Coefficientst | 1 .
Code  Sector -

60 Miscellanecus Electrical
Machinery

64 Scientific and Controlling
Instruments

Interindusty
Coefficients .
Code Sector

26 Chemicals
28 Drugs
" 30 Petroleum and -Related

Products

31 Rubber

64 Scientific and Controlllng

© Instruments
“““BS“Cptlcal and Photographlc

. Equipment

66 Miscellaneous
Manufacturerg

77 Business Services

Labor Coefficients? '
N Code Occupation

12 Medical Professionals 1.1
Other than Phy51c1ans
and NMurses

[

13 Health Technologists °: 2.7 5.7

aunder Scenario 52, these annual growth rates are applied to the 1977
coefficients through 1990, and the 1990 matrices are repeated through
2000. cCoefficient growth continues at the specified rates through
2000 under Scenario 53.

PIncreased demand for camputers and office equ1gwent and associrted impacts.
on employment are described in Chapters 4 and: S.
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Chapter 8. Ffinal Demand Projections

Delikeries of gobds and services to thSeholds, pubiic
adm@niétratiqn activities, and foreign trade have not been
described im Chapters 4 through 7. The IEA model is ndt yet
"closed" with respecﬁ to thesé activities and therefore needs
to be grOvided (from outside sources) with'projectiohs of the

levels as well as the composition of the goods and services

they will require. Projected deliveries for investment purposes,

on the other hand, are Qetermined within the dynamic model. °
For the present study wé did not attempt to make original
projections of these finél deliveries. 1Instead we relied on
the medium growth version of the most recent BLS projecﬁions.
which takes the form of a matrix with 156 sectors and 13
categories of final deméhd for each of two benchmark years,
1985 and 1990, in 1972 prices. Labor employed directly by

households and government is not'included. A discussion of

the BLS methodology can be found in [Monthly- Labor Review,

1981; u.s. Department of Labor, 1982].

The BLS final deménd.@aurix was aggregated to a single
coldmn of noninvestment finai demand, inflated to i§?9
prices, and again'aggregated froﬁ 156 to 89 producing éectors'
for each'benchmark year. The resulﬁing final demand vector
was interpolated linearly for years between 1977! and 1985,
and between 1985 and 1990. Sector-specific growth rates for

the five-~year period between 1985 and 1990 were repeated for

. lThe Erebara;ion of the 1977 final demand vector is included
in the work described in Chapter 3.
| 273




8.2

the periods -1990-1995 and 1995-2000, and annual final demand

was interpolatéa linear%y for the years in between.

. In addition to modifications of Final demand for
education and health, which are described in other chapters
of this report, some changes were made to reflect growing

use of compdters by households and the military. Two versioné-j

of final demand}:differing in the presumed future use of
computers in homes and by the gpvernmeﬁt, were prepared in
 addition fo the BLS projections.

At the present time it seems clear that the BLS projections
of household use of computers are too low. Consideraﬁly highef
projections wére prepared, by the mayket_résearch organizatioh
LINK {repérted in [U.S. Congress, 1982])). The first IEA
version of final demand use; the LINK ﬁrojections for household
computer use unﬁil 1986, wiéh the average annual growth rate
between 1982 énd 1986 extrapolated to 1990. Between 19990
and 2000 we as;umed that growth would continue at only half .
this rate. In the second version of the final demand‘projections,
purchases of computers. by households in l§85, 1990_and 2000
are double the, low estimates. These assumptions are sliown
in Table 8.1, ' | |

In the first version: of tﬁe IEA projections, the military
use of computers is represented by the BLS estimate. The
second version is based .on estimates of the future use Of.
computers, sSoftware, and related serviges given in [Electronics

a

Industries aAssociation, 1980]; Half of the software aqd

related services used by the military are purchased from the



http://Electroni.es

8.3

private sector, shown in our model as an input from Business
Services (IEA #77). The use of computers and services in
2000 is extrapolated from 1990 based on the growth rate
between 1985 and 1990 anticipated in this source. Whilé
these estimates of the military use of computers, shown

in Tab®e 8,2, are significantly higher than those prepared by
BLS, they are low compared to the present Administration's
projected military budgets. This policy may, however, be

L

reversed before 2000.

R

_ Table. 8.1. Household Demand for Computers (IEA #50),
Versions 1 and 2, 1980-2000
(millions of dollars, 1979 prices)

BLS . IEA IEA
Projections Vversion 1 version 2

$169 $ 494 $ 901

219 1,085 2,170

341 2,424 S 4,848

S84 N 6,988




»

Table 8.2 Military Demand for Computers (IEA #50) and
Related Services (Part of I1EA #77),

versions 1 and 2, 1980-2000

{millions of dollars, 1979 prices)

o s

Computer Hardware

Software and Sefvices

BLS Projections
and
IEA Version 1 |IEA Version 2

BLS Projections
and
IEA Version 1

IEA Version 2

366 2,776

590

3,089

377 - 3,785

819

6,336

670

1,764

11,810

1,749 11,874

4,603

© 25,311
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Appendix. Graphic Results under Alternative Scenarios, |
- ’ 1963-2000 '

tach dgraph in the five sections of the Appéndix displays

the values of a particular variable for the years 1963-2000

under alternative scenarios according to the‘following code:

Scenario 81
Scenario 52

Scenario $3

The assumptions underlying each scenario are described in Chap-
ter 1, Section B. The occupational and sectoral classification
schemes are given in Tables 3.1 and 3.7 of Chapter 3. Tiﬂe is

measured on the horizontal axis: the units on the vertical axis

are given'under each graph.
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